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A method for selecting novel proteins such as growth 
hormone and antibody fragment variants having altered bind- 
ing properties for their respective receptor molecules is pro- 
vided. The method comprises fusing a gene encoding a protein 
of interest to the carboxy terminal domain of the gene III coat 
protein of the filamentous phage M13. The gene fusion is mu- ^ 
tated to form a library of structurally related fusion proteins , ww 
that are expressed in low quantity on the surface of a phagem- 
id particle. Biological selection and screening are employed to 
identify novel ligands useful as drug candidates. Disclosed are 
preferred phagemid expression vectors and selected human 
growth hormone variants. 
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- : ENRICHMENT:METHOD-FOR VARIANT PRQTBNS WITH ^T^ED BINpiNQ PROPERTIES 
'" '" .? ' FIELD OF THE INVENTION • x , v.v_-r - v,: 

••5"^' : -•' * This in^nfion reSt^ tbtt^ 
'* ' altered b^hdir^ properties fora ferp'rhblecuie. Specifically, this invention relates to methods-Jor producing 
' ' foreign pblypepfides rtln^dng^-bind^acllvlty Of natoraly. occurring binding partners;.,ln..prelerred 

proteins or ronrjeptidyfftoicul^ 

^ Birriirig partners are sUbs^^ 

" ; " interactions. Examples of birxfing 

: ^ ^ ^ 

^ from nature (e;g., antibody-antigen, and ligand-reap^ 

^■ssswb *§$jj$ffi^^ instances these two 

denvitizatfon would irKdudes^^ 
produce a novel candidate binding partner. 

The problem with prior art methods is that naturally occurring ligands may not have proper 
characteristics for all therapeutic applications. Additionally, polypeptide ligands may not even be available for 
C2) 25 some target substances. Furthermore, methods for making non-naturally occurring synthetic binding partners 

are often expensive and difficult, usually requiring complex synthetic methods to produce each candidate. The 
inability to characterize the structure of the resulting candidate so that rational drug design methods can be 

„JTK-iiDi.M.u...- .j.. . J" an attempt to overcome these problems, Geysen (Geysen, Immwn . Today . 6 364-369 [^i^.^^^. 

30 (ftftysen etai MoL immun.. 23:709-715 119861) has proposed the use of polypeptide synthesis to provide a 
^i^^^^;;%v^.'----.'.s framework for systematic iterative binding partner identification and preparation. According to Geysen era/., , , ^ 
2^^^S1S^ m > short polypeptides, such as dipeptkJes. are first screened for the ability to bind to a target molecule, The ;J:J||^ 
! J!f II Z ' most active dipepMes are then selected for an additional round of testing comprising linking, to the starting ■ * ■ ^ v 

dipeptide, an additional residue (or by internally modifying the components of the original starting dipeptide) and 
35 T then screening this set of candidates for the desired activity. This process is reiterated until the binding partner 
having the desired properties is identified. 

The Geysen ef a/, method suffers from the disadvantage that the chemistry upon which it is based, 
peptide synthesis, produces molecules with ill-defined or variable secondary and tertiary structure. As rounds of 
iterative selection progress, random interactions accelerate among the various substituent groups of the 
40 polypeptide so that a true random population of interactive molecules having reproducible higher order structure 
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sequenfiallywklelyseparated^wh^ar^ + 
> < .facffitate ctinfortnationaJly stable secondary stnictures p^fompfe. ,* P We ? si dechajn interactions v^ich may 
V— prevent Sk^n interactions o^^ aminp acid with the target motecule. Such complex interactions are 

5 facifitated by the flexibility of the polyamide backbone of the polypeptide, candidates. .Additionally, candidates > 
^ - v^etfsfirthumero^ lQ ^ 

A final problem with the iterative polypeptide method of Gey«n : !s,tha^ ^t pr^nt, |^re are 
practical melhods with which a great oTverslty^ can be produced, screened and analyzed. By 

10 usingthet^ 

be synthesized is 64,000.000. Even having prepared such a diversity of peptides, there are no methods available 
rwiUM*»*W !arge,enough ^ 

^^^^ 

• - ^swa*^^ 

20 v Recently, Smith and coworkers (Smith, Sfifencs, 228: 1315-1317 [1985]) and Parmley and Smith. Sens, 

73:305-318 (19851 have demonstrated that small protein fragments (10-50 amino acids) can be "displayed" 
efficiently on the surface of filamentous phage by inserting short gene fragments into gene 111 of the fd phage 
(•fusion phage'). The gene III minor coat protein (present in about 5 copies at one end of the virion) is important ( j 
for proper phage assembly and for infection by attachment to the pili of £ coff (see Rasched el a/. . MOBbM. 
25 Rev, so: 40M27 [19861). Recently, fusion phage' have been shown to be useful for displaying short mutated 
^ r .... _ ... . _ sequences for identifying peptides that may react with antibodies (Scott ef at. 30^249: 386-390,™ v/./ 

Science . 249: 404-406 (19901). 

There are, however, several important Kmitations in usirig such fusion prage' to identify altered . ^. 
3b ; 1 p^tkies or proteins with new or erthanced binding properties. Rrst. it has been shown (Panntey at. y 
Wl- V. : ! 305-318. [1988]) that fusion phage are useful orty for displaying proteins of less than 100 and preferably less :* v 

r^^^m^m assembly and infedivity. Second, prior art methods have been unable to select peptides from a library having the , ^ w . 

rugr^stbindngatfinityforatargetmolecule. For example, after exhaustive panning of a random peptide library 
35 with an anti-p endorphin monoclonal antibody, Cwirla and co-workers could not separate moderate affinity 

peptides (Kd - 10 nM) from higher affinity peptides (K<j -0.4 \iM) fused to phage. Moreover, the parent |J- 
endorphin peptide sequence which has very high affinity (Kd - 7nM). was not panned from the epitope library. 

Ladner WO 90702802 discloses a method for selecting novel binding proteins displayed on the outer 
surface of cells and viral particles where it is contemplated that the heterologous proteins may have up to 1.64^^^^ 



amino, acid resfcJues...Tt^ P~ teins to en 9' ,neer a W 

family of binding proteins having desired affinity for a target |ipje^ ; Mc?re ^fi(2liy. t^nw discloses a 
: • • - i-fuston phage" oTspiayjr^ ; prpteins haying, -initial jxof^ t&t&BS (crambin) to 

., v, . 16 4residues{T4lysozyme);fu.sedto 

5 than necessary because it is easier to. arrangefestriction sites in smaller amjno acid sequences and prefers the 58 
amino acid residue bovine pancreatic trypsin inhibitor (BPTI). Small fusfonprote|| suchas BPTI, are preferred 

- -whehihetar^ 
r - smafl tafget moleajles such as sterci*te 

V ' • moieculescanfiL The preferred protein, BPTI, is proposed to be fused to gpneJH at tt« ate disclosed by Smith 
1 0 et al. or de la Cruz et at, -t Rid- Chem.. 253: 4318-4322 [19881. or to one of the termini!, along with a second 
synthetic copy of gene III so that *ome" unaltered gene III protein will be present Ladner does not address the 
problem of successfully panning high affinity^ptic^Stfrpm thej^om peptide library whfch plagues the 
; biologicarselection and screening methods of Jhe prtor arL . : , , , ... f . 
Qmsf^ sHumangrowth^ ' > 

*5#»cleveto^ 

grovM(somatoger«sis),la^^ 

^(er^,X^ 

^(i988)Saleji^^ 

successfully treated for more than a decade by exogenous admjni^ of a family of 

20 homologous homiones that ind^ 

hormone (Nicoll, C. S., ef at, (iqrr) pn^ine Reviews 7. 169). hGH is unusual among these in that it exhibits broad 
species specificity and binds to either the cloned somatogenic (Leung. 0. W., ef at, 1I987] Ualui£22£L 537) or 
q prolactin receptor (Boutin, J. M.,ef at, [I988] £2:53, 69). The cloned gene for hGH has been expressed in a 

secreted form in Fsf.herichia coj (Chang, C. N., et al., P987J fisna 55. 189) and its DNA and amino acid sequence has 
25 been reported (GoeddeLef at, P979] JJaluB22aL 544; Gray, efa/.,[l9851fifinSLaa i 247). The three-dimensional 
itGSSa^et* structure of hGH is not available. However, the three-dimensional folding pattern for porcine growth hormone^ 
! ^^^^*^ IpGH) has been reported Immoderate resolution and refinement (Abdel-Meguid. S. S.. et al., (19871 EocJtefle 1 

e^if Human growth hormone's receptor and antibody epitopes have been identified by^*^^ 
nomolog-scanning mutagenesis (Cunningham ef a/. Science 2fl» 1330. 1989). The structure of novel amino termirial^ ^,, 
f 3 r methionyl bovine growth hormone containing a spliced-in sequence of human growth hormone including histidine 18jg 




v:':*r'^t£ Human growth hormone (hGH) causes a variety of physiological and metabolic effects in various animal 

■■^vmmzm^:^:- «wWs including linear bone growth, lactation, activ^^ 



others (R. K. Chawla etal.,Annu. Rev. Med. 34, 519 (1983); 0. G. P. Isaksson ef at, Amu. Rev. Physiol. 47, 483 ' :~ 
35 (1985); C. K. Edwards et al.. Science 239, 769 (1988); M. O. Thorner and M. L Vance, J. Clin. Invest. 82. 745 

(1988); J. P. Hughes and H. G. Friesen. Ann. Rev. Physiol. 47, 469 (1985)). These biological effects derive from 
the interaction between hGH and specific cellular receptors.. 

Accordingly, it is an object of this invention to provide a rapid and effective method for the systematic 
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rcrmmu 



" itis anl&o^e¥» of a 

phagemid parfd^^ stable. : ~ ; - A/i • v^f: 

" " it is another object of Ws in^^ 

of a ptege coat protein and a tk&logous polypeptide where the polypeptide is greater than : 100,amino acids in 
l^a^ 

'bytheptea^KJ9erotn'e. v -• =--«• j-u.* v.^*.-** 

' ' ^ % fe a : iirthe?object of^inveritiori &j*mmsmr*lt ^theipreparafion.and se!ec|pn of binding 

partic^inari^ i^sentthese moieties in a fashipn ; thaM^^ricaDy 

confined 

' S0I anottibr olsjedt of fe'liiwenllon is the'pirodudiMi-of giowBi JAmionff.varfants lhat.exMfait stronger 
affihityforgr^ ^■■'•^"••^ ^ ' 

It is yet another object of this invention td^ 

• «6ai^y^ only ^hetejp!^ V 



10 



affirii^ y ncfing proieihs caii be iachieved: ^ 



20 



25 



30 



35 



These and other objects of ihis invention will be apparent from consideration of the invention as a whole. 

SUMMARY OF THE INVENTION 
These objectives have been achieved by providing a method for selecting novel binding polypeptides 
comprising: (a) constructing a replicaWe expression vector comprising a first gene encoding a polypeptide, a 
second gene encoding at least a portion of a natural or wild-type phage coat protein wherein the first and second 
genes are heterologous, and a transcription regulatory element operably linked to the first and second genes, 
thereby forming a gene fusion encoding a fusion protein; (b) mutating the vector at one or more selected porttow^gi^ 

plasmids; (d) infecting the transformed host cells with a helper phage hawig a gene encoding the phage coat 
protein; (e) culturing the transformed infected host cells under conditions suitable for forming recombinant 
pfagemid^ 

conations adjusted so that no more than a minor amount of phagemid particles display more than one copy of the if^^gg 
fusion protein on the surface of the particle; (f) contacting the phagemid particles with a target molecule so that M 
at least a portion of f» phagemid particles bind to the target molecule; and (g) separating the r^gemid^^^^ - v . 
particles that bind from those that do not Preferably, the method further comprises transforming suitable host ~ 
cells with recombinant phagemid particles that bind to the target molecule and repeating steps (d) through (g) , 
one or more times. 

Additionally, the method for selecting novel binding proteins where the proteins are composed of more 
than one subunit is achieved by selecting novel binoliig peptides comprising constructing a replica^ 
vector comprising a transcription regulatory element operably finked to DNA encoding a protein ^interest 

hn u-^r 1 **' - *t> <-. i '4fif rt.i^"-"i- a& . utaiii - Himfcatiiv.tn i n*ft "t 1 i . 'ti in*tn ^n. u ■ r fmft'i it ^■■vfi , JuAn r' i t ; M -iianat ifa«v. jijL_< - 'Vi. - • i i i y- • ■anartif'iiMTi fiiWi •^jl'U^* .'mr. tthS,; wmt Mi***' Xt^ur*. irrt i'i i i (t i -■ nr'tiiftiiliriiMiirHI 
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en«>dir*at«eaa^^^ 

- ; . mm.m * rclaled vectors:,ransforrnin9 fSS host 08115 wlh 

^^r»mbre^^ 

surface o« *e partite; cantac^ Part^a^eJ^e^o ^.east a port^n of*e 

phagemid particles bind to theUargei^^^ ^ ttnd <r ° m ^ ^ 

Preferably in the method of*is^^ 

rji W r*mo^ 
^peferab^ 

A I, .^Typically, in the methc^ o>this jnvenfon,^ / 
; ^quen^stusedtot^ 

20 tryptophan, and alkaline phosphatase promoters and combinations thereof. 

Also typically, the first gene will encode a mammalian protein, preferably the protein will be selected 
from; human growth hormonelhGH), N-metfionyt human growth hormone, bovine growth hormone, parathyrorf 
hormone, thyroxine, insulin A^hain. insulin B^hain, proinsufin, relaxin A^ain. relaxin B*hain, proreiaxm, 
glycoprotein hormones such as follicle stimuiating hormone(FSH). thyroid stimulating hormone(TSH), and 
25 leutinizing horrnone(LH), glycoprotein hormone receptors, calcitonin, glucagon, factor V..I. an antibody, lung 
... surfactant, urokinase, streptokinase, human tissue-type plasminogen activator (t-PA), bombean, ^ !)^^^^ 

factor, fumor necrosis factor-alpha and -beta, enkephalinase. human serum alburnin,^^. 
w . ^mm^imr^ ^terian-inhibiting siibstenoe, mouse gonadotroprvassociated peptide, a microbial protein, such as 

oetalactamase. tissue factor protein, inhibin, action, vascular endothelial growth factor, receptors for hormones 
3P or growth factors; integrin, thrombopoietin. protein A or D, rheumatoid factors, nerve growth factors such as ,™ ^ 
S^Rfe?.^^ NGF-B platelet-growth factor, transforming growth factors (TGF) such as TGF-atpha and TGF-beta. .nsutrn-^, 
^ ' " ,ike growth factor-! and -II, insulin-like growth factor binding proteins , CtM. DNase, latency associated peptide. .; 

e^thropoietin, osteoinductive factors, interferons such as interferon-alpha. -beta, and -gamma, colony 

simulating factors (CSFs) such as M-CSF. GM-CSF. and G-CSF, interleukins (ILs) such as IL-1. IL-2. IL-3. IL- > 

4 superoxide dismutase; decay accelerating factor, viral antigen. HIV envelope proteins such as GP120. GP140. 
atrial natriurette peptides A, B or C. immunoglobulins, and fragments of any of the above-listed prote.ns. 

Preferably the first gene will encode a polypeptide of one or more subunits containing more than about 
100 amino acid residues and wi.l be folded to form a plurality of rigid secondary structures displaying a plurality 
-> — •• of amino acids capable of interacting with the target. Preferably the first gene will be mutated at codons 
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15 



corresponding to only the amino adds capable of interacting with the target so that the integrity of: the rigid 
serondary structures wiilbe presented: ^ ' "'" t;i }■'* ~ :: -'- ::; \" T - ■ 

Normally! the method of this invention will employ a helper phage ^fecled from; M13K07, M13R408, 
M13 VCS/arxj Phi X 174. The Referred helper phage is Mi3K07; ar^ 

Phage gene III coat protein. The preferred host is E.coff, and protease deficient strains of ;E. co//:_ Novel hGH 
variants selected by the method of the pte&nt ^ expression. vectors were 

constructed thatcoriten a suppressive termination dSdorvfurwfid between the nucleic acids encoding 

' the po^pti(te'a^'ttTe"'pha^ fcbatp^ri/ ^ r ^ -^^^ »>^=** 
7 BRiEF DESdRiPTldN OFTHE FIGURES > : ^ ^ r 

FIGURE 1 • Strategy for displaying large proteins on the surface of filamentous phage and enriching for 
altered receptor binding properties. A plasmid, phGH-M13glil was constructed that fuses the entire coding 
sequence of hGH to the carbbxyt terminal domairi of H13 gene 1 ML Transcription of the fusion protein is under 
control of the lac ^ 

partides^e produ^ displaying hGH;can be 

enrfcheiJ by binding s an affinity ma&l&n^ 

M13K07 phage) is diagramed by 4-5 copies of the multiple arrows on the tip of the phage/arKj tt^ fusion protein 
^r^©ifrom lep^emSiri^M^lO ii frxiicit^ replacing 



"the arrow Heact 
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25 
30 



RGURt 2. tomurwbtotofwhofe 
particles purified in a cesium chloride gradient were loaded into duplicate wells and electrophoresed through a 1% 
agarose gel in 375 mM Tris, 40 mM glycine pH 9.6 buffer. The gel was soaked in transfer buffer (25 mM Tris, pH 
8.3. 200 mM glycine, 20% methanol) containing 2% SDS and 2% p-mercaptoethanol for 2 hours, then rinsed in 
transfer buffer for 6 hours. The proteins in the gel were then electrobtotted onto immobilon membranes 
(Millipore). The membrane containing one set of samples was stained with Coomassie blue to show the position of 
the phage proteins (A). The duplicate membrane was immuno-stained for hGH by reacting the membrane with 
polyclonal rabbit anti-hGH antibodies followed by reaction with horseradish peroxidase conjugated goat antK,g^ 



CD 



r^^G^^es' Larie Tcbito'ns'^ M13K07 pSrerit phage and is visible only in the Coomassie blue 



35 



stained membrane, since it lacks hGKL Lanes 2 and 3 contain separate preparations of the hormone phagemid 
particles which is visible both by Coomassie and hGH immuno-staining. The difference in migration distance 
between the parent M13K07 phage and hormone phagemid particles reflects the different size genomes that are #• 
packaged within (8.7 kb vs. 5.1 kb, respectively). " / ^ ; ; ; 

FIGURE 3- Summary diagram of steps in the selection process for an hGH-phage library randomized at 
codons 172, 174, 176, and 178. The template molecules, pH0415, containing a unique Kpnl restriction site and the v . 
hGH{R178G,H79T) gene was mutagenized as described in the text and etectrotransformed into £ coli strain 
WJM101 to obtain the initial phagemid library, Library 1. An aliquot (approximately 2%) from Library 1 was used 
directly in an initial selection round as described in the text to yield Library 1G. Meanwhile, double-stranded DNA 
(dsDNA) was prepared from Library I, digested with restriction enzyme Kpnl to eliminate template background, 
and etectrotransformed into WJM101 to yield Library 2. Subsequent rounds of selection (or Kpnl digestion, 
shaded boxes) followed by phagemid propagation were carried out as indicated by the arrows, according to the ^ 




o 
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1 : procedure described in the text, Four independent clones from Ubrary/Q 4 ^ four independent clones from 
- - Ubrary 5G6 were sequenced by dideoxy sequencing. All of these clones had t^n«ical DNA secjuence, 
: ' - ^rresponding fo the hGH mutant (Glu ;174 Ser, Phe 176 Tyr). - - yy.o,.y 

. FIGURE 4. Structural motel othGH derived f^ 
5 (Jetermined crystallographically. Location of residues in hGH that strongly modulate »s binding to the hGH- 
.,, ••<•:• •• ' binding protein^ within the^shaded.drcle... Alanine, subsfitufi^ tenfpW 

• vv : - mW^^c^ Hel'ical wheel projections in the-.regions of cfchelix reveal. tr»ir^p|pt^ quality , 
• ■ Bbckehe^/sha'ded. or ndnshaded residues-are charged, polar, or nonpplar, resp8ctjvely.^lix^)r« most 
1 0 importahtViisldues for mutation are on trie hydrophilic face. 

FIGURE 5. Amino acid substitutions at positions 172, 174, 176 and 178 of hGH (The notation, e.g. 
• • KSYRl dehbtes hGH mutant 172K/174S/176Y/178R,) found after sequencing a number of ; clones from rounds 1 
« and 3 of the selection process for the pathways indicated (hGH elution; Glycine elution; or Glycine elution after 

m 'M y :rpY e :$ d ^ fl ^ background, or other prematurely terminated and/or 

k ^ r^otein sequels w^W? appeared more than once 

'■ among all the sequenced dor*s. but w^ 
» <^amorxjthe,s^uenced*w wi,ha 

^■yS\ ^ j^irpafif 1 three; rounds of selector^ different.^ did 
20 not correspond to cassette mutants, but to previously constructed hormone phage. The pS0643 contaminant 
corresponds to wild-type hGH-phage (hGH "KEFR*). The pH0457 contaminant, which dominates the third- 
round glycine-selected pool of phage, corresponds to a previously identified mutant of hGH, •KSYR." The 
amplification of these contaminants emphasizes the ability of the hormone-phage selection process to select for 
rarely occurring mutants. The convergence of sequences is also striking in all three pathways: R or K occurs most 
25 often at positions 172 and 178; Y or F occurs most often at position 176; and S, T, A, and other residues occur at 

(7) -V *'»^;- position 174. v. ' : " : 

i-< s '-^*p G y RE6 ; sequences from phage selected on hPRLbp-beads in the presence of zinc. The notation is 

" v -""' ^y^ ^ ^SsSd in Figure. 5. Here, the convergence of sequences is not predictable, but there appears to be a bias 
towards hydrophobic sequences under the most stringent (Glycine) selection conditions; L ,W and P residues are 

v f ^ - 3o# frequently found in thispool. '^y^^^.'^' 

- r v FIGURE 7. Sequera*sfrc>m phage setectedwhPR^ The notation is as 

described in Figure 5. In contrast to the sequences of Figure. 6, these sequences appear more hydrophilic. After 
4 rounds of selection using hGH elution, two clones (ANHQ. and TLDT/171V) dominate the pool. 

FIGURE 8. Sequences from phage selected on Wank beads. The notation is as described in Fig. 5. After 
35 three rounds of selection with glycine elution, no siblings were observed and a background level of non-functional 
sequences remained. 

FIGURE 9. Construction of phagemid fl ori from pH0415. This vector for cassette mutagenesis and 
expression of the hGH-gene III fusion protein was constructed as follows. Plasmid pS0643 was constructed by 
oligonudeotkte-directed mutagenesis of pS0132, which contains pBR322 and f1 origins of replication and 
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' ^expresses'an hGH^ne hi'fusion protein (hGH residues^; foiibwedbya single Gly residue..fused to Pro-198 

"^ij^ 

5 vGGC-AGC^GT-GGC-TJjHAi^ introdix^d a » s,te 

(uno^riiriediand an amber stop cbdon (TAG) following Phe-191 of hGH. 
FIGURE id. AVKagramofr^idpDH^ 

^^they^ 

ka^ iSht chaiA. CHifef is life tirkt coolant region of Ihe human gamma 1 cton. Botti c«J1ng regions start with 
: ihe bacterial si n ^ sequence. B. A schematic diagram of the entire.plasma P PH188 containing the insert 
described in 5A. After transformation of the plasmid into E otfSRlOl cells and the addition of helper phage. 

fep^ 

inSA. ^ 



Fta^ No " 25) 

20 cellulardomainproteinoftheHER-areceptor. After each round of selection, a por^ 

were infected into E col/and plasmid DNA was prepared. This plasmid DMA was then digested with Eco RV and 
Ml separatedon a 5%polyacrylam^ The bands were visualized under 

UV fight The bands due to the wild-type and variant plasmids are marked with arrows. The first round of } 
selection was eluted only under acid conditions; ptK^taaAmm^^^m******* 
25 side of Rgure) or with a humanized 4D5 antibody wash step prior to acid eluBon (right side of Figure) using 
--^■^^r- " mettwds describe,, m example VIIL Three variant 405 Fab molecules were made: H91 A (amino acid HMtt^g^^ 
-^^^ positions ontheVLChainmu^dtoalanine;^ „ 
-^TT- posi6on 49on^V L chainmutatedtoa.anine;i^ 

at position 92 on the V L chain mutated to imkm*^*V^*to*W ^^V*™ 

■■ FIGURE 13. The Scatchard analysis of the RIA affinity determination described in Experimental J 

Protocolsisshownhere. The amount of labeled ECD antigen that is bound is shown on the x-axis while the amount , ... ... ? 

thatisboundcfividedbytheamountthatisf^^ 
35 calculated Kd is 1/Ka. 
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DETAILED DESCRIPTION OF THE INVENTION 
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,T^ In its simplest form, the 

- method of the instant inv^nBon comprises a method for selecting novel binding polypeptides, such as protein 
v ligands, having a desired, usually high, affinity for a target molecule from a library of structurally related binding 
5 polypeptides. The library of structurally related poiypeptides, fosed to a phage cbat protein, is produced by 
,■ - mutagenesis and, preferably, a single copy of each related polypeptide is displayed on the surface of a phagemid 
oarfdeconta^^ with a target. 

v<: ., . mpiecute and those partt<*es\hav^ affinity for the target are s^te^fro^ lower affinity. 

The high affinity binders are then amplified by infection of a bacterial host and the' cortipefitiw'binding step is 
1 o repeated. This process is . reiterated until potypeptictes of ^ desir^ affinity are obtained. r : . 

The r»vel binding polypepfides. or lic^ produced by the method of this invention are useful per se as 
, ■ ,;.0iagrK)sticsortherapeufics (eg. agonists or antagonists) used in treatment of biological organisms. Structural 
- . :; analysis of the setected polypepfides may t ^ rational drug design.' 

...... 5 ., ; ,.. ,By rWr^nj, pol^ selectable affinity to 

a target molecule. PreferaWy tne polypepti* wilLbe a protein that most preferably contains more thah about 
2.100 amino acid residues. ^ypjcaBy : ^,pcMypeRtWe wHI.be a rwnrone or an antibody or afragmerii thereof. 
;. H b . ,, ;f , By "high ^ M arxi^ferably <10* 7 M 

; , . , By'target molecule" as used herein is meant any molecule, not necessarily a protein, for which it is 
20 desirable to produce a ligand. Preferably rKwewr, the target will ^i\iiBni^'tMj^^t»-\^ 
will be a receptor, such as a hormone receptor. 

By 'humanized antibody" as used herein is meant an antibody in which the complementarity-determining 
regions (CDRs) of a mouse or other non-human antibody are grafted onto a human antibody framework. By human 
antibody framework is meant the entire human antibody excluding the CDRs. 

25 L ChoteofPohmeptlrf^ffyD^^ 

The first step in the method of this invention is to choose a polypeptide having rigid secondary , 
' structure exposed to the surface of the polypeptide for display on the surface of a phage. 

" ! By ■jjolypeptide" as used herein is meant any molecule whose expression can be directed by a specific 

DNA sequence. The polypeptides of this invention may comprise more than one subunit. where each subunit is 
30 encoded by a separate DNA sequence. 

By "rigid secondary structure" as used herein is meant any polypeptide segment exhibiting a regular 
repeated stnxturesuc* as is founds • 
> reverse turns. Certain "non-ordered" structures that lack recognizable geometric order are also included in the 

definition of rigid secondary structure provided they form a domain or "patch" of amino acid residues capable of 
3 5 interaction with a target and that the overall shape of the structure is not destroyed by replacement of an amino 
acid within the structure . It is believed that some non-ordered structures are combinations of reverse turns. The 
geometry of these rigid secondary structures is well defined by <t> and y torsional angles about the a-carbons of 
the peptide "backbone". 
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The requirement that the secondary Structure be to the surface of the polypeptide is to 

. " pawB^ tese amino acid residues that are replaced by mutagenesis that form Ihe -library- of structurally 

' ' related (mutant) binding polypeptides that are displayed on the surface of the phage and from which novel 

5 polypeptide ligands are selected. Mutagenesis or replacement of amino acid residues directed toward the rtenor 

' " of the polypeptide is generally avoided so that the overall structure of the rigid secondary structure is preserved. ; 

the overall structure of the polypeptide. 
10 ' Repeated cydes of 'pclypep^^ 

F0,l0Win9a 

" ftstround of phagemid selection, giving a first region or selection of amino acids in the ligand polypeptide. 

: additional rou^pi^ * 
c^es of p^mid seiecSS affihiftr properties of the ligand polypeptide are 

'^^^ ■ 

■'" - 

^' ■ ^id seiected. Optimum amino acid ch^ 

20 : " were incorporated^ 

From the forgoing it will be appreciated that the amino acid residues that form the binding domain of 
the polypeptide will not be sequentially linked and may reside on different subunits of the polypeptide. That is. 
the binding domain tracks with the particular secondary structure at the binding site and not the primary 
structure. Thus, generally, mutations will be introduced into codons encoding amino acids within a particular 
secondary structure at sites directed away from the interior of the polypeptide so that they will have the 
potential to interact with the target By way of illustration, Figure 2 snows the location of residues in hGH that „ 
are known to strongly modulate its binding to the hGH-binding protein (Cunningham ef af.. SasDCfi 247:1461- 
146511990]). Thus representative sites suitable for mutagenesis would include residues 172. 174. 176. and 178 
on helix-4, as well as residue 64 located in a "non-ordered- secondary structure. 

There is no requirement that the polypeptide chosen as a Bg^d to a te^t norm^ 

ThuVta^ 

library of mutant TSH molecules are employed in the method of this invention to produce novel drug candidates. 

- This invention thus contemplates any polypeptide that binds to a target molecule, and includes 

antibodies. Preferred polypeptides are those that have pharmaceutical utility. More preferred polypeptides 
include; a growth hormone, including human growth hormone. des-N-methionyl human growth hormone, and bovine 
growth hormone; parathyroid hormone; thyroid stimulating hormone; thyroxine; insulin A-chain; insulin B«hain; 
proinsulin; follicle stimulating hormone; calcitonin; feminizing hormone; glucagon; factor VIII; an antibody; lung 
surfactant; a plasminogen activator, such as urokinase or human tissue-type plasminogen activator (t-PA); 
bombesin; factor IX. thrombin; hemopoietic growth factor; tumor necrosis factor-alpha and -beta; enkephalin; a 
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5 »r - serun albumin such^ human serum albumin; mulleriarHnHbifing substance; reiaxin A-chain; reiaxin B-chain; 

* ; r prorelaxin; mouse gp/SgoB^*^^ 6ssue ,actor 
.,> .protein- inhibin; activin; vascular enijtelial grqwth inlegtm; 

thrombopoietin; protein A or D; rheumatoid factors; nerve growth factor sucf? as w NGF-ft plateleMJerived growth 
5 factor; fibroblast growth factor such as aFGF and "bFGF; epidermal growth factor; transforming growth factor 
(TGF) such as TGF-alpha and TGF-beta; insulin-like growth factdr-i ar*d -ii; insulin-like' growth factor binding 
proteins; CD-4; DNase; latency associated Pfe|^j v e ^^ 3? 

^interieu^ : 
to : natriuretic peptides A.BorC; viral antic^nsu^^ 
O , and fragments of any of the aboveHisted pQlypepfides. m addiBon, one or more p>e*termine(l amino add" 

* residues on the polypeptide may be substituted, inserted, or deleted, for exafopfc'to with 

^^im^ 
Xj> v -m a* Icagments.arejicW 

^%^at^^ . f / 

: * .^Si more RfJ^%{g« t 

. 20 , -hormones such as growth hormone, prolactin, placental lactogen, luteinizing hormone, foittde^mulating hormone, 
thyrotropin, chorionic gonadotropin, corticotropin, a or f3-melanocyte-stimulating hormone, p-iipotropin, y- 
lipotropin and the endorphins; hypotnalmic release-inhibiting hormones such as corfcotropin-release factor, 
q growth hormone release-inhibiting hormone, growth hormone-release factor; and other polypeptide hormones such 

as atrial natriuretic peptides A, B or C. 
25 B. Obtaining a Rrst P ons ffiene 11 encorilrw the desired PQfVPePtJde 
O The gene encoding the desired polypeptide (i.e., a pofypeptkle wim a rigid secorxiary stnjcture) can be 

• ^^^-'obialned by methods known in the art (see generally, Sambrook ef af. , MolECUIar Bjoloov; A laboratory Manual, 
Cold Spring Harbor Press, Cold Spring Harbor, New York 11989]). If the sequence of the gene is known, the 
DNA encoding the gene may be chemically synthesized {Merrfiekf, J, Am. Chem. SOC- 85 2149 [19631). » 
30 i sequence of the gene is not known, or if the gene has not previously been isolated, it may be cloned from a cDNA 
> library (made from RNA obtained from a suitable tissue in which the desired gene is expressed) or from a suitable 
genomic DNA library. The gene is then isolated using an appropriate probe. For cDNA libraries, suitable probes 
include monoclonal or polyclonal antibodies (provided trat the cDNA library is an expression library). 
' oligonucleotides, and complementary or homologous cDNAs or fragments thereof. The probes that may be used to 
35 isolate the gene of interest from genomic DNA libraries include cDNAs or fragments thereof that encode the same 
or a similar gene, homologous genomic DN As or DNA fragments, and oligonucleotides. Screening the cDNA or 
genomic library with the selected probe is conducted using standard procedures as described in chapters 10-12 
of Sambrook ef a/., supra. 
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T"" 1 "" Analtemi means to isolating tte^nee^hgthe^teinS 
: ' ' action me^^ 

gene must be known in order to generate the oligonucleotides: " ' • • 

•" 5 ;\; Aft er the gene has been isolated, it may be inserted into a suitable-vector {preferably a plasmid) for 

V- u. ..... rmsi*"*™ Fmrpsston Veaoa 

- ' vwie several^ 



1.0 



f 7-6f Sa'mbrook ef at supra . 
ytieiiisedaswefl. 
regulated) duch that 



20 



amantied/FtesmkJvecio^ 

ptewtypcseiecfon^ ^^^^T" 6 ^ ™ ' .T * ^ " 

ordinary skill in the art 

; * " " ^^»i)Mi^ pVoikfttfcveM^ "ne 
N : 15 hyb^lpl^ i&r^ss^ and «h* 

r pr* art w^ ^ of tK Wpr^ein on^^^f the phagemid particle lead to 

~ multipoint attachment of the phagemid with the target. It is befeved this effect, referred to as the 'chelate 
effect', results in selection of false "high affinity polypeptides when multiple copies of the fusion protein are 
displayed on to phagemid particle in close proximity to one another so tat the target was "chelated". When 
multipoint attachment occurs, the effective or apparent Kd may be as high as the product of the individual Kds 
for each copy of the displayed fusion protein. This effect may be to reason Cwirla and coworkers supra were 
"unabte to separate moderate affinity peptides from higher affinity peptides. 
^^mmmmm^- has ^n disced that by tightly regulating expression of to fusion protein so that no more than r 

•chelate effect" is overcome allowing proper selection of high affinity polypeptides. Thus, depending on the 
^^^^^^pmM ' oi^ conditions of the host are adjusted to maximize the number of phagemid particles containing a. % 

fusion protein. 

. . . Preferred promoters used to practice this invention are the |a£Z promoter and the Bt32 A promoter. 
TnelafiZpromoterisregulatedbyto 

controlled by manipulation of the level of the lac repressor protein. By way of illustration, to phagemid containing 
the la£ Z promoter is grown in a ceH strain that contains a copy of the lac i repressor gene, a repressor for the 
lacZpromotor. Exemplary cell strains containing the feci gene include JM 101 and XL1-Wue. In the alternative, 
the host cell can be cotransfected with a plasmid containing both to repressor fee i and to lac Z promoter. 
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- -pmWate^ 

; ^ - ;i cotang boththd lac Z and lac i genes. .Normally when one wistesto express a gene, to tte transfected host 
■ • aboveW woukfadd an indi^r such as isopropyl)hk)galacto^ (IPTG).. In the present invenfion however, this 
step is'drhitte<l to.(a) minimize the expression of the gene Illusion pro^ttereby; minirmzii^the ropy number 
5 (i:e. the number of gene III fusions per phagemid number) and to (b) prevent. poor or improper packaging^f the 
'pHagemid(^sedbyanducerssu^ inducer isadded « *" 

- -number#^^ 

' - * — : • ' particles). The rrost preferred promoter used to ; practice this invention is pja This PTpmoteys believed to be 
! -- 1e|uit& ^ phosphatftapfe£<^^ the activity of 

1 0 the promoter; Thus- by o^eting Mils of phospte^ activity.of the promoter, can be increased, Tnedesired 

in a phosphate enriched medium suchas 2YT or LB thereby controlling the t 

expression --v.- c : : ■ ■..-*.< 

: .V-' > ^ other useful-component of vectors used to pr^cttce this Ir^ention is asignal ^quenoe. This sequence 

, • • ; ^m; i s y(aiyl6cated immediately 5^ * us ^\^ i ^ edat amino 

flnlirl^ to betocated 

itis attachedacross the inner membrane of the bacterial <ai. TteDNAer^ 

^ - %utoprokan^tfc ^mmff^^H^^^^^o% C ^ {Wong 

20 etaL, Seng, 68:193 [1983]). MalE, PhoA and other genes. A preferred prokaryotic signal sequence for practicing 
this invention is the £ coB heat-stable enterotoxin II (STII) signal sequence as described by Chang ef al. , Sane, 
55: 189 [19871. 

Another useful component of the vectors used to practice this invention is phenotypic selection genes. 
Typical phenotypic selection genes are those encoding proteins that confer antibiotic resistance upon the host cell. 
25 By way of illustration, the ampicillin resistance gene (amB), and the tetracycline resistance gene UeD are readily 

• ■- -■■ employed for this purpose. 
* ir-,- r 4 f * I ; i construction of suitable vectors comprising the aforementioned components as well as the gene encoding 
" " * the "desired polypeptide (gene 1) are prepared using standard recombinant DNA procedures as described in 
Sambrook ef at supra. Isolated DNA fragments to be combined to form the vector are cleaved, tailored, and 
30 figated together in a specific order and orientation to generate the desired vector. 

The DNA is cleaved using the appropriate restriction enzyme or enzymes in a suitable buffer. In general, 
about 0.2-1 jig of plasmid or DNA fragments is used with about 1-2 units of the appropriate restriction enzyme 
in about 20 uJ of buffer solution. Appropriate buffers, DNA concentrations, and incubation times and 
temperatures are specified by the manufacturers of the restriction enzymes. Generally, incubation times of about 
35 one or two hours at 37*C are adequate, although several enzymes require higher temperatures. After incubation, 
the enzymes and other contaminants are removed by extraction of the digestion solution with a mixture of phenol 
and chloroform, and the DNA is recovered from the aqueous fraction by precipitation with ethanol. 

To ligate the DNA fragments together to form a functional vector, the ends of the DNA fragments 
must be compatible wilh each other. In some cases, the ends willbe directly compatible after endonuclease 
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^^ri: Fiowe^er: it in^ be ti^^ to first cbr«*r« the siftSqr ends commonly pcpslgced b^enc^npctease 

cjigesuohto aw m to m m mmtemm.^^^^^^^* a 81,51311,6 

buffer for at least 15 minutes at 15'C Wih 10 unrts of oflhe Nehow fragment of W polymerase. ) (Klenow) ,n 
the presence of ttie^u> deokyhu^ DNA islren ^ 

extraction and ethario! precipitation. " ' ' "•■ " 

Th^dea^DNA'fragmenlm 
an^^lectropto^ 

"mm o&^-ofi^ 

engine DNAfrom\ as ^sch^irt^ : ^ 
:i< - The DNA fragments that are to be ligafed toother (previously digested tr^ ; appropnate 
restricfion enzymes such that the ends of each fragment to be ligated ar**^ about 
%mti$B3a& ^^UiBo^tt^^^ wn^nga^e buffeKand^Ug^ ^g&^4 DNA iJgase al aliout 

! *f» 4 p1(r^^^ ,lneanzed by 

^^^^fpttmWM 

ligation step. ;t ~ 

• 1 20 "jM101, E co// K12 strain 294 (ATCC number 31.446), £ coif strain W31 10 (ATCC number 27.325). Eeo// 
X1776(ATCCnumber31.537). E. coff XL-1Blue (stratagene), and E coli B; however many other strams of E 
cofc such as HB101 . NM522. NM538. NM539. and many other species and genera of prokaryotes may be used as 
well, in addition to the E coli strains listed above, bacilli such as BJCiusjuMiliS. other enterobacteriaceae such as 
g^nnpifc HHtrim or Serraiia marce sans, and various Snxtems specfes may aB be used as hosts. 

25 TiansibmiaBcfld^ 

described fc, section 1.82 of Sambrookef at. supra. Alternatively, electro^ 

be used to transform these cells. The transformed cells are selected by growth on an 
^^"* m ^lic, commonly tetracycnne (let) or amp* (amp), to which they are rendered Vesistant due to the 
presence of tet and/or amp resistance genes on the vector. 

* After selection of the transformed cells, these cells aie grown in culture and the plasmid DNA (or other 
vector with the foreign gene inserted) is then isolated. Plasmid DNA can be isolated using methods known in the 
art Two suitable methods are the small scale preparationof DNA and the large-scale preparation of DNA as 
described in sections 1.25-1.33 of Sambrook ef at, supra. The isolated DNA can be purified by methods known in 
the art such as that described in section 1 .40 of Sambrook ef at. supra. This purified plasmid DNA is then 
analyzed by restriction mapping and/or DNA sequencing. DNA sequencing is generally performed by either the 
metnodofMessingefaf. Arid. Res.. 9309 H9811orby the method of Maxam ef at MeilLfDzanoL 65: 

499 [19801. 
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•o?^ ■ This Invention contemplates fusing the g^ne encasing the o^sired ^p6de (gerie 1) toa second gene 

>; (gene 2) such that a fusion protein is generated during iranscripfion. Gene ^ ty^iy a coat protein gene of a 
vif^phagevand preferably it is the phage Ml 3 gene III coat rxotein, or a fragment thereofl fusion of genes 1 and 2 may 
* 5 ■ be accomplished by inserting gene 2 into a particular site on a plasmid that contains gerie'l, or by inserting gene 1 
:•: '•■5:\> into: a particular site on a plasmid that contains gene 2., . r _ v ^ . ; , t ; ; 
* Insertion of a gene into a plasmid requires that the plasmid be c^ at W precise location that the gene is 

s to be inserted. Thus, there must be a rest^n endonucle^se sjte at mfe^tjon (pn^fera^y a unique site such 

ttattr*plasmid;v^ 

,.• 10 dgested, phosphates^ above. The gene is then inserted into this linearized | plasmid by 

O ^ ligatingthe two DNAs together. Ligation can be accomplished if the ends of the plasmid are compatible with the 

% :s >-..^ ends of the gene to be inserted. If the restriction enzymes are used to cut the ptesmW and isolate the gene to be 

» 3 ? -i - Inserted aeate blunt ends or compatible sticky ends, the DNAs can te ligate^tf^^ a ligase 

O ftfe^MiSuchas^cte* ofATP 

- 15 and ligase bufferasde^ 

: first be made Hunt by using the Wenow tagjnerj jf ^ polymerase, 

m ;*SftbothW^ 

20 refigated using a ligase as described above. In some cases, ft tray not te possible to Wu'nt treehls of tnegene to 
be inserted, as the reading frame of the coding region will be altered. To overcome this problem, oligonucleotide 
linkers may be used. The linkers serve as a bridge to connect the plasmid to the gene to be inserted. These linkers 
r , can be made synthetically as double stranded or single stranded DNA using standard methods. The linkers have 

^ one end that is compatible with the ends of the gene to be inserted; the linkers are first ligated to this gene using 

25 ligation methods described above. The other end of the linkers is designed to be compatible with the plasmid for 
Q , . fcv i , _ ligation. In designing the linkers, care must be taken to not destroy the reading frame of the gene to be inserted 
> ';s «;' ; 'or the reading frame of the gene contained on the plasmid. In some cases, it may be necessary to design the tinkers -, 
v " such that they code for part of an amino acid, or such that they code for one or more amino acids. 

Between gene 1 and gene 2, DNA encoding a termination codon may be inserted, such termination codons 
30 are UAG( amter), UM (aiier) and UGA (opel). (Microbiology, Davis etal. Harper & Row, New York, 1980, 

pages 237, 245-47 and 274). The termination codon expressed ina wild type host cell results in the synthesis of 
the gene 1 protein product without the gene 2 protein attached. However, growth in a suppressor host cell 
results in the synthesis of detectable quantities of fused protein. Such suppressor host cells contain a tRNA 
modified to insert an amino acid in the termination codon position of the mRNA thereby resulting in production of 
35 detectibte amounts of the fusion protein. Such suppressor host cells are well known and described, such as Eco// 
suppressor strain (Bullock et al.. RinTechnioues 5. 376-379 (19871). Any acceptable method may be used to 
place such a termination codon into the mRNA encoding the fusion polypeptide. 

The suppressible codon may be inserted between the first gene encoding a polypeptide, and a second 
gene encoding at least a portion of a phage coat protein. Alternatively, the suppressible termination codon may be 



inserted adjacent to the fusion site by replacing the last amino acid triplet in the polypeptide or thd first amino 
' ^ taiS^ coding the-wess.Wcodoh istjrown in a suppressor 

" host cell, tt resuiis in the deiecteble production of a fusion polypeptide containing the polypeptide and the coat 
' ' ' protein/When tte ptec^ki isgrowt) in a wn-sur^ the polypeptide is synthesized substantially 

5 without fusion to ttie phage coat protein due to terminafion at the inserted suppressive triplet encoding :UAG, 

UAA, or UGA. (ntrerxm-suppresso^^ 
J : abSce of H^pgjj^ 

> r :i ; 1^ An alteration 

V lf ?:; isc^afksu 

" " ''^^'^h&^ana acid sequence of the polypeptide as compared witti the unaltered or nalive 
' ^MS^'rtites^^pBfe" Preferably, the alterations will be by substitution of at least one amino acid 

me^skSSIrt?^ 



15 cassette mutagenesis. 

m >"> *fWM^ ■;■ , " ■ 

*|§64^^ 

20 ' to a DNA template, where the template is the single-stranded form of the ptasmid containing the unaltered or 
native DNA sequence of gene 1. After hybridization, a DNA polymerase is used to synthesize an entire second 
complementary strand of the template win thus incorporate the oligonucleotide primer, and will code for the 

selected alteration in gene 1. 

(3ererally,oligonudeot^^ An optimal ofigonucleotjde wiD 

25 have 12 to 15 nucleotides that are completely complementary to Ihe template on either side of the nucleotjde(s) 

' coding for the mutation. This ensures that the oligonucleotide wiH hybridize properly to the single-stranded ™A^ 

" 5 " "lempiatelnt^^ 

dr?r^dfry r "» 0 '°' PfW Mat1 Acad. Sci. USA. 75: 5765 [19781 

The DNA template can only be generated by those vectors that are either derived from bacteriophage 

30 M13 vectors (Ihe commercially avails 

contain a single-stranded phage origin of replication as described by Viera eta!. Meth. Enzvmol,, 153: 3 [1987J. ' : • , 
Thus, the DNA that is to be mutated must be inserted into one of these vectors in order to generate single- 
stranded template. Production of the single-stranded template is described in sections 4.21-4.41 of Sambrook, , . 
eta!., supra. 

35 To alter the native DNA sequence, the oligonucleotide is hybridized to the single stranded template 

under suitable hybridization conditions. A DNA polymerizing enzyme, usually the Klenow fragment of DNA 
polymerase I, is then added to synthesize the complementary strand of the template using the oligonucleotide as a 
primer for synthesis. A heteroduplex molecule is thus formed such that one strand of DNA encodes the mutated 
form of gene 1, and the other strand (the original template) encodes the native, unaltered sequence of gene 1.^ 
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-TOs heteroduplex molecule is theatransfprmed intp a ^te^ , host cell. ^t^|rol^|e such as £ Coli 
iJM10l; Atter growing the cells, they are plated onto agarose plates and screer^ using the oligonucleotide primer 
r&Sblabelled with 32-Phosphate to identify the bacterial wlpnies^tet contain muteted,DfjlA, 

; • The method desafoedimmediately above may.be r$#ifiedsudi tha|.a rwmodup^x moteciie is created 
wherein both strands of the plasmid. contain the mutation(s). The modifications are as. foBows: jrhe single- 
strand^ ofigonucl^ 
deoxyribom^^ 

J is combined with a modified tJ,toH(Jeoxvn^si,r«,calted dCTPK^S)^ can^ pb^frj^ Amersham). , 

This mbcture is added to the temrJ^ 
, 10 v. a strand of DNA identical to the template.except for the mutated bases is. generated: In addition, thisnew strand 
, 0 f DNA will contain dCTP-(aS) instead of dCTP, which serves to prptect^from ^tricfic^ endonuclease 
^ digestion. After the template strand of the douWe-strarx^.^odupjex with aj| a|propriate 

rj#to v treslrictidn enzyme- the template stra*^^^ nudease ^ 

. thereg1onthatcontainsthesite(s)tobemutagenizeA 
: m IS* ^hiy partially single-stranded: :A'complete^ using DNA^^: 

; #^Wp*ipe^^ 

':»§fe^ole^ 

c amino acids are located close togetherin the polypeptide chain, they may be mutated simultaneag using one 
' 26 oligonucleotide that codes for all of the desired amino acid substitutions. If, however, the amino acids are located 
some distance from each other (separated by more than about ten amino acids), it is more difficult to generate a 
single oligonucleotide that encodes all of the desired changes, instead, one of two alternative methods may be 
employed. 

In the first method, a separate oligonucleotide is generated for each amino acid to be substituted. The 
25 oligonucleotides are then annealed to the single-stranded template DNA simultaneously, and the second strand of 
... DNA that is synthesized from the template will encode all of the desired amino acid substitutions. The alternative 

jftj ^ br more minds of mutagenesis to produce the desired mutant The first round is as > 
^ ^^crited for the single mutants: wild-type DNA is used for the template, an oligonucleotide encoding the first 
desired amino acid substitution(s) is annealed to this temrjlate, and the heteroduplex DNA molecule is then 
30 generated. The second round of mutagenesis utilizes ttie mutated DNA produced in the first round of 
t mutagenesis as the template. Thus, this template already contains one or more mutations. The oligonucleotide 

encoding the additional desired amino acid substitutions) is then annealed to this template, and the resulting 
strand of DNA now encodes mutations from both the first and second rounds of mutagenesis. This resultant DNA 
can be used as a template in a third round of mutagenesis, and so on. 
35 B. O^HAMiitaoenesIs 

This method is also a preferred method for preparing substitution, deletion, and insertion variants of 
gene 1. The method is based on that described by Wells ef a/, fisna, 34:315 [1985].. The starting material is the 
plasmid (or other vector) comprising gene 1 , the gene to be mutated. The codon(s) in gene 1 to be mutated are 
identified. There must be a unique restriction endonuclease site on each side of the identified mutation site(s). If 
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^"S^sis rnetr&to introduce l^mat ^ropriate Jo&tibhsin gerie 1. After the restriction sites have been 
into me ptasmid. the plasmid is cut at tfese sites to linearize iti • A double^stranded oligonixfeotide 
'ending ii se^rce of the DNA between the restrictidn snes b« containing the desired mutation® ,s 
5 syrthes&d using standard procedures. The two strands are synthesized sepafateVand-then hybridized. 

-^^y^^^ v******^^ - ■ ■■ ■■ 

^^■m A -V-N |n ^ aite^ embod | m ent, ttiis inventton cbhterhpiafes production of, variants of adesired protein ^ 

sbovG. 

20 ' v , n constructing a replicable expression vector 

multiple subunits, the reader is referred to Figure 10 where, byway of illustration, a vector is diagrammed 
showing DN A encoding each subunit of an antibody fragment This figure shows that, generally, one of the 
subuniteoftteproteinofinterest^ © 
generally will contain its own signal sequence. A separate gene encodes the other subunit or subunits, and it is 

ar^rtt^ 

* regulate tre expression of both subunfts. Alternatively, each subunit may be independently regulated by a 

... ^^^^ 

described in Section IV above. . - - • 

Vvtenconstnjctingafemilyofv^^ , ; w 

■ ^ When multi-sUxjratantibody variants are ^ 3||g$$* 

" ; constructed, preferred sites of mutagenesis correspond to codons encoding amino acid residues located in the 

complementarity^Jetermining regions (CDR) of either trie r«ht chain, tiie heavy chain, or to^ The CDRs • : r.t- ? 

• are commoriy referred to as the hypervariabfe regions. Methods for ^mutagenizing DNA encoding each subunit of 
the protein of interest are conducted essentially as described in Section V above. 



Mi- 
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™ f Preparin g « . Mo,ect,tp and Blndinq Pnaaema 

Target proteins, such as receptors, may be isolated from natural sources or prepared by recombinant 
methods by procedures known in the art. By way of illustration, glycoprotein hormone receptors may be prepared 
by the technique described by McFarland era/.. Sfifenca 245:494-199 11989], nonglycosylaled forms expressed 



,•„,£ W Aafe o^scribed by Fuh et aL 4. Biol. Chem 2ffi:3irV31 1§. [1990J Other receptors can be prepared by 

- ; standard mettiods. , . . . ; s : - ..... , 

; , The purified target protein may be atta<^ to a suitaWe matrix such as agarose 
beads, glass beads, cellulose, various acrylic copolymers, jiydroxj^ poiyacrylic and 

5 polymethacryiic copolymers, nylon, neutral and ionic carriers, a.^ the jilce. Attachment of the target protein to the 
; ; matrix may be accomplished by methods described in MPthfvis in FnTymoloov . 44 jj 9761, or by other means known 

• * ; in the art., . - : . • ^ ; .. • ; ; :- o - 

; cArter attac^nt of the target protein to the matrjx, the, immobilized target is contacted with the 

s library of phagemid particles under conditions sutable for binding of at least a.portfon.pf the phagemid particles 
10 with the immobilized target Normally,^ p^.^,slrengj^ta^ra^ and twfka will 

: - - mimic physiological conditions. ;; . , ... ... 

■■^ Bound phagemid -j^rli0ets,jfbindf -l^no„- WBfr.W^^f-f?. IS^nobBbed : teiget.aure f aeparaiad 

from those having a low affinity (and thus do not bind to the target) by v^shing,. ^ B^s niay |e|issociated 
*t~ w . r . :m from the immobilized target by a variety of metJx)ds. These n^e^ using the 

15 ; i wifrtype ligand, ajtejir^pfland^ . ; .. . „ . 

! r~,: ? sSuitatfe^stcflfcare^ 

coftftfenssuitablefo^^ phagemid particles. The pnagemid p^ctes are then fleeted and the 

selecfiomproc^^ $^ui*I$r^^ 



" " ' - - . . ~ . ...... . ........ ... - , 



20 Optionalty the library of phagemid particles maybe sequentially contacted with more tta^ 

immobilized target to improve selectivity for a particular target For example, it is often the case that a ligand 
such as hGH has more than one natural receptor. In the case of hGH, both the growth hormone receptor and the 
/-\ prolactin receptor bind the hGH ligand. It may be desirable to improve the selectivity of hGH for the growth 

hormone receptor over the prolactin receptor. This can be achieved by first contacting the library of phagemid 
25 particles with immobilized prolactin receptor, eluting those with a low affinity (i.e. lower than wild type hGH) for 
$«J2Sm^^ tte prolactin receptor and then contacting the low affinity prolactin "binders* or non-binders with the - 

immobilized growth hormone receptor, and selecting for high affinity growth hormone receptor binders. In this 
<w, '■ cas ^ an hQH mulant a towe r affinity for the prolactin receptor would have therapeutic utility even if w^^m^ 
affinity for the growth hormone receptor were somewhat lower than that of wild type hGH. This same strategy 
- ^ ^ - 30 may be employed to improve selectivity of a particular hormone or protein for its primary function receptor over 
- - : I' its clearance receptor, M^Cy'"' 

In another embodiment of this invention, an improved substrate amino acid sequence can be obtained^^^^^ ^ : 
These may be useful for making better "cut sites" for protein linkers, or for better protease 
substrates/inhibitors. In this embodiment, an immobilizable molecule (e.g. hGH-receptor, Kotin-avidin, or one 
3 5 capable of covalent linkage with a matrix) is fused to gene ill through a linker. The linker will preferably be from 3 
to 10 amino acids in length and wHI act as a substrate for a protease. A phagemid will be constructed as described 
above where the DNA encoding the linker region is randomly mutated to produce a randomized library of phagemid 
particles with different amino acid sequences at the linking site. The library cf phagemid particles are then 
- immobilized on a matrix and exposed to a desired protease. Phagemid particles having preferred or better 

^:>^^,^.^^^ • • • •* ' * ■ : v - * ' " ■■■'-■"<- -^y - . ,V\V.. ■ -v^>'^ 
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" substrate amino a^s^n^in tfte liner reg1o*for%e cfesired protease will be stated • first produdng an 

enriched pool of phagemid partides encoding preferred Bnkers. These phagemid particles are then cycled several 
" more times to produce an errfched pool of particles encoding consense'sequenaKs) (see examples XIII and XIV). 

Mil ^rn^ 

5 The doned gene for hGH has been expressed in a secreted form in EsdMfca caia (Chang, C. N>. ef a/., 

" [19871 fisoe.55J89) and its DNA arid amino acid sequence has been reported (Goeddel, et al. (1979) MJIS2H, 
544; Gray *t*i [i<v&] Gem 39. 247). The present invention describes novel hGH variants produced using the 

10 " c^scfftjediriTablesVii.Xlila^ 

Growth hormone variants may be administered and formulated in the same manr^ as regular growth hormone. The 
^ :l growth hormone variants of the rxesehfirivention may be expresseclin any recombinant system which is capable of 
expressing native or met hGH. 

adriiihigtr&tiort mve^^^m^^f "» jxin 9 
15 hGH having the tesired *gre^ carriers^xeipierits, or 

giPyed^M 

including ascorbic acid; low molecular weight (less than about 10 residues) r»lypepfi*s; proteins, such as serum 

20 albumin^ 

glutamine. asparagine. arginine, or lysine; monosaccharides, disaccrar^ 

glucose, marmose, or dextrins; chelating agents such as EDTA; divalent metal ions such as zinc, cobalt or copper; 
sugar alcohols such as mamiiol or sorbitol; salt-forming counterions such as sodium; and/or nonionic surfactants 
such as Tween, Pluronics or polyethylene glycol (PEG). Formulations of the present invention may additionally 
25 contain a pharmaceuticalfy acceptable buffer, amino add, buMng agent and/or r»n4onfcsurfad^^ Theseindude, 

for example, buffers, chelating agents, antioxidants, preservatives, cosotvents, and the tike; spedfic examples of ... 

and disodiurn edetate. The pyelitis ; of ^p^se^^^^ 
; ' ■* " ^"Son maybe used to produce quantities of the hGH variants free of the phage protein, to express hGH 

variants free of the gene ill portion of the fusion. pS0643 and derivatives can simply be grown in a non- 
" ;: 30 suppressor strain such as 16C9. In this case, the amber codon (TAG) leads to termination of translation, which 

yields free hormone, without the need for an independent DNA construction. The hGH variant is secreted from the 
host and may be isolated from the culture medium. 

. OneormoreoftheeigMhGHamirx)addsR0.M14 f H18.H21,R167 l D1^ 
by any amino add other than the one found in that position in naturaHy earring hGH as ^ 
35 3, 4, 5. 6. 7, or all 8 of the indicated amino adds, F10, M14, H18. H21, R167. 0171, T175 and 1179, may be replaced 
by any of the other 19 amino acids out of the 20 amino acids listed below. In a preferred embodiment, an eight 
listed amino acids are replaced by another amino acid. The most preferred eight amino acids to be substituted are 
indicated in Table XIV in Example XIL 
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■ - -'-(^3^ fwifuS&dt* KA.-a.^ ytibitm t #;^^tV:^-vO)-H^^ km?.^:.^-** 

20 Trp (W) 

Tyr (Y) 
VaJ (V) 

q The one letter hGH variant nomenclature first gives the hGH amino acid deleted, for example glutamate 1 79; then 

the amino acid inserted; for example, serine; resulting in (E1795S). 

25 

^ITQ ^ ^:^-^^^^^if^' > -J • }* EXAMPLES' f^**^*^* ** ; ^ " ' ' 

t : furtner description, it is believed that one of ordinary skin In the art can, using the preceding 

* the present invention to the fullest extent The following 

working examples therefore specifically point out preferred embodiments of the present invention, and are not to 

!.■?:'-■■ ;;.^^t : ;: -t;:v'V' '. ■'^"■'^'■^'^i^'" example i ' :; ' : ' : ' :1 .V/ : 

Ptasmid Constructions and Preparation of hGH-phagemld Particies 

^.v^*.--^-^ , The plasmld ohGH-M13glll (Fig. 1), was constructed from M13K07 7 andthe hGH producing plasmid, 
pB0473 (Cunningham, B. C, era/. , SfilBDJa, 243:1330-1336, 11989]). A synthetic ofigonucleotJde 5'-AGC- 
35 TRT.RGn.TTC- fiGG-CCC- TTA-GCA-TTT-AAT-GCG-GTA-3' was used to introduce a unique ^pal 

restriction site (underlined) Into pB0473 after the final Phe191 codon of hGH. The oligonucleotide 5'-TTC- 
Ar.A-AAC-fiAA -GGG-CCC-C TA-ATT-AAA-GCC-AGA-3' was used to introduce a unique *pal restriction site 
(underlined), and a Glu197-to-amber stop codon (bold lettering) into M13K07 gene HI. The oligonucleotide 5'- 
.. . . r.AA.TAA-TAA^GQ -GCT-AGC- CAA-AAG-AAC-TGG-3' Introduces a unique Nhe\ &\e (underlined) after the 
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3- end of the gene III coding sequence. The resulting 650 base pair (bp) Apa\-Nhe\ fragment from the doubly 
mutated M13K07 gene III was ^^ii^S^^k^Apa\-Nhe\ fragment of pB0473 to create the plasmid, 
pS0132. This fuses the carboxyl terminus of hGH (Phe191) to the Prol98 residue of the gene III protein with the 
insertion of a glycine residue encoded ftom'8« 4& site and places the fasten protein under contolof the E caff . 
5 alkaline phosphatase (pftoA) promoter and sill secretion signal sequence (Chang, C. N., era/. , fisne. 55:189-196, 
[1987]). For inducible expression of the fusiori protein in rich meda, we replaced 
promoter and operator. A 138 bp EcoRI-XDarfragment contai 
site was produced by PCR of plasmid pUC1^si% 

CACGACAG^ATJ£CCGACTGGAAA-3" aW S'-CTGTT IQIAJSAGTGAAATTGTTA-3' that flank, the desired 
10 lac sequences and introduce the EcoRI artf ^ _ * 

and ligated into the large EcoRI-Xoal fragmemdf pS0132 to create the ptesmid, ph^ 
of all tailored DNA junctions were verified by the dideoxy sequence method (Sanger, F., eta!. Proc . Natl . Acad. 
Sri. il S A. 745463-5467. [1977]). The R&A'variant hGH phagemid was constructed as follows: the Nsil-Bglll ^ 
mutated fragment of hGH (Cunninghamef & Supra ) encoding the Arg64 to Ala substitution (R64A) ' ^ ; 

15 (Cunningham. B. C WeDs, J. A^Scjej^ 244:f61l-1085. [1989]) was clonedbetween the corresponding; 
restrfction sites in ttephGH-M13gM 

phagemid particles were propagated and feereo 1 as described below for the wild-type hGH-phagemid. 7 
Plasntidsweretransfo^ i 
single transformant was grown in 2 ml 2YT me&um for 4 h at 37*C and infected with 50 uJ of M13K07 helper y 
20 phage. The infected culture was diluted into 30 ml 2YT, grown overnight, and phagemid particles were harvested 
by precipitation with polyethylene glycol (Vierra, J., Messing, J. NWtffKlfi in EnZYfnolQQY. 1533-11, [1987]). 
Typical phagemid particle titers ranged from 2 to 5 x 10 11 cfu/ml. The particles were purified to homogeneity by 
CsCI density centrifugation (Day. LA. J- Mol- Biol.. 39265-277, [1969]) to remove any fusion protein not r ; 

attached to virions. 
25 EXAMPLE il 

^gSg&x&r ■ - V-»v-^.-^.~.~~ i niu >uU » 3ri ca l Arerysesof nGiHOTtheFustaiPrBQe • . - ■ ^ tr^^i^^t^^ 

f^iolyctonal anfccdes to hGH were purified with protein A, and coated onto imwoWerplales^ «• 

m^m^m-!*"'. - ■v--** ,.. J^w ■ .»..»•.*...••., » ,.■«$.>,.■ >*«~~ ■-• - . " _^"'~*WMWi¥iiniiiW> 

(Nur») at a concentration of 2 uo/ml in 50 mMsodi^ Atter^,.. 

; washing in PBS containing 0.05% Tween 20, hGH or hGH-phagemid particles were serially diluted from 2.0 - ^ ... - « 
^ v ".:.r Tween 20). After 2 hours at room temperature (rt), the plates were washed weU and the indicated Mab * « s * t i - 



(Cunninghamefaf. supra ) was added at 1 pg/ml in buffer A for 2 hours at rt. Following washing, horseradish "* 
w^mm^m^m^-r peroxidase conjugated goat anti-mouse IgG antibody was bound at rt for 1 hour. After a final wash, the, ^ s^^^^-. 
peroxidase activity was assayed with the substrate, c-phenyienediamine. 
35 EXAMPLE II 

Coupling of the hGH Binding Protein to Pofyacrylarnide Beads and Binding Enrichments 
Oxirane polyacrylamide beads (Sigma) were conjugated to the purified extraceBuIar domain of the hGH 
receptor (hGHbp) (Fuh, G., eta!.. J. Biol. Chem.. 26531 1 1-31 15 [1990]) containing an extra cysteine residue 
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, ^oxirarebead^ 

w ^^BSAandTris As a control for non-specific binding of P^kJ parties, BSA was simtiany 

(original mxture) and tumbled for 8-1 2 n^^MJS - "* 1 MrfKllo ^ 

h a Tho Vvinrf<i were Delisted by csntrifucjation and the supernate carefully 

T* E rtJHUH <U» craning phGH-M^III best r°W»" ar«. rtecfcd «h M13K07 ,n me 
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, : .:. v .; ; :0ir ftj^ipri ppteins pan be danced. We estimate that about 10% of the ph^itiidf^ of the 

- : , : - hGH gene III fusfon protein from the ratio of the amount of hGH ^rwfcri (basied on hGH imrnunbnreactive material 
^ 7t : , in.CsCl gradient {wriffed phagemid). ThWefore, the titer of fusion phage displaying the hGH gene III fusion is 

= : about 2,-5 x This number is much greater than tHe titer of £ coif (-10 8 to lO^/ml) in the culture from 

5 which they are derived. Thus, on average every E cb/r cell produces: 10-1 00 copies of phage decorated with an 
: : f hGHgfne III fusion protein. * " " " v^-^w-^f 



. 10? comigrates with phagemid particles in agaro^ gis: ; Tlife Indicates that tfte hG M^is tightly ikssbaated with 
, t phagemid particles. The hGH-gene III fusion protein from the phagemid part^ 

., b^, showing that there is little degradation of tfe hGH when it is attached to geri^^HL 'Wild-type gene lit protein 
is clearly present because about 25% of the phagemid particles are infectious;/ this is ^rhparaUe to ^ecific 
infecti^tyr estim made for wild-type falS j^ are similarly purified (by CsCI density gradients) and 
15; ^ concentrations estimated by UV afosorbaraf^ supra) Thus, both wild-type 

j , Ifwasin^rilnlfo ili@^^i^bcNf(S^^iM^f^i@if^'ih order to' 

i ; : r ^. :; teye ronjicfence that results from binding selections wiD translate to the native prptein>w^ 



20 I) 



TABLE L Binding of Eight Different Monoclonal 
Antibodies (Mao's) to hGH and hGH Phagemid Particles* 



IC50 (nM) 

Mab hGH hGH-phagemid 



25 

1 0.4 0.4 

^ 2 0.04 0.04 

°-2 0.2 '•'. i "-':?Si:.:S-":;-:.: 1 

' 7 0.1 0.1 

8 0.1 0.1 

3!^^^fe 'Values given represent the concentration (nM) of hGH or hGH-phagemid particles to give half-maximal binding to 
the particular Mab. Standard errors in these measurements are typically at or below ±30% of the reported value. 
^ See Materials and Methods for further details. > x 

3 O The epitopes on hGH for these Mabs have been mapped (Cunningham et aL supra) and binding for 7 of 

:t? v^S^r 8 Mabs requires that hGH be properly folded. The IC50 values for all Mabs were equivalent to wild-type hGH 

except for Mab 5 and 6 . Both Mabs 5 and 6 are known to have binding determinants near the carboxyl-terminus of 
hGH which is blocked in the gene ill fusion protein. The relative IC50 value for Mab1 which reacts with both native 
and denatured hGH is unchanged compared to the conformational^ sensitive Mabs 2-5, 7 and 8. Thus, Mabl 

35 serves as a good internal control for any errors in matching the concentration of the hGH standard to that of the 
hGH-gene III fusion. 

^^■.^■■^t^!V^^f}^- f- • ? »*:<• -ix*'-' : • • - ■' 1 '-.--■■: .'-St- : ■ - . -* .-^ . ■ ■ ■ v. * ^'' ".: ' ! ' ■ " v ■'" 
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:i^ :V >.:;, w , EXAMPLE VI . 

fif ;...- ; , ,■: ,,- . . . ,, -Binding Enilcjinientsjw Beceptor iijfWty Beads ' " 

. Prevfeus workers (Parmley. Smiih ^/^ ; .^a)tt, Smith supra^ Cwto e(a* su^: and Devlin ef a/. 

supra) rave fractionated phage;by- panning wfo.sjreptayjdm coated polystyrene petri dishes or microliter plates. 
.However, crtfomatographic systems.^ displaying . 

rmutant proteins with diBerentJ?^ trapping . 

•ofphagemidpartic^ a smdl particle size (1 pin) to 

• maximize the surface area tp massiatio. The extocellular : ,*maOT pi th| hQ^ receptor \hGHbp) (Fuji ef a/. . 

supra) containing a free cysteino residue vyasef^ showed 

very low non-specific binding to beads coupled only to boyine serum albumin (Table if). 
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;'; ' . " " " ;" ; " ; *' f able n. ' -^^V'>- : * v : ;. - . 

Specific Binding of Hormone Phage to hGHbp-coated 
Beads Provides an Enrichment for hGH-phage« over M13K07, Phage 



Sample ^b^fbelit* ^Ibtal pfu^s ^sT^tal tim&r Ratio (cfu/pfu) 
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Origjnal.niixjuret 
SuperlhafaHf" 

kfi*?- ■ : hGHbp 
Wash 1 " v BSA 

hGHbp 
Wash 2 BSA 

hGHbp 
Eluate 1 (hGH)BSA 

hGHbp 
Eluate 2 (hGH)BSA 

hGHbp 
Eluate 3 (pH 2.1)BSA 
txi!'- : .: ! ' ]" hGHbp 



8.3 x10 11 

7.4 X10 11 
7.6X.10 11 

Jli&IO™ 
1.9 x 10 10 
5.9 x 10 7 
4.9 x 10 7 

1.1 x 10 6 

1.2 x 10 6 
5.9 x 10 5 

5.5 x10 s 

4.6 x 10 5 
3.8 x 10 5 



2.9 x 10 8 
-2;8Xv308 
3.3 X It) 8 

6.0 X i d 6 - 

1.7 x 10 7 

2.8 x 10 4 
2.7 x 10 6 

1.9 x 10 3 

2.1 x 10 6 

1.2 x 10 3 

1.3 X 10 6 
2.0 x 10 3 
4.0 x 10 6 



3.5X10- 4 
3,8.x 10* 4 
4.3 X TO* 4 
^5-5 X10* 4 
8.9 x 10* 4 
4.7 x 10* 4 
5.5 x 10- 2 
1.7 x 10" 3 
1.8 

2.0 x 10" 3 
2.4 

4.3 x 10" 3 
10.5 



Enrichntent§ 

(1) 
1.1 

12 

1.6 

2.5 
1,3 

1.6 x 10 2 
4.9 

5.1 x 10 3 
5.7 

6.9 X 10 3 
12.3 

3.0 x 10 4 



*The titers of M13K07 and hGH-phagemid particles in each fraction was determined 
by multiplying the number of plaque forming units (pfu) or carbenicillin resistant 
colony forming units (cfu) by the dilution factor, respectively- See Example IV for 
details. 

tjhe ratio of M13K07 to hGH-phagemid particles was adjusted to 3000:1 in the 
^original mixture: 

* * Absorbents were conjugated with BSA or hGHbp. 
§Enrichments are calculated by dividing the cfu/pfu ratio after each step by cfu/pfu 



^^mm^m^mk&^i ratio in the original mixture. 



45 



in a typical enrichment experiment (Table II), one part of hGH phagemid was mixed with >3,000 parts 
M13K07 phage. After one cycle of binding and elution, 10 5 phage were recovered and the ratio of phagemid to 
M13K07 phage was 2 to 1. Thus, a single binding selection step gave >5000-fold enrichment. Additional elutions 
with free hGH or acid treatment to remove remaining phagemids produced even greater enrichments. The 
enrichments are comparable to those obtained by Smith and coworkers using batch elution from coated 



polystyrene plates (Smith, G.P. supra and Parmely, Smith supra ) however much smaller volumes are used on the 
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^ s{ 200plvs.6mO.Tberew^^^ 

beads linkedonlytoBSA. The slight erMemerved for control beads (-10-fold for pH 2.1 elution; Table 
2) may result from trace' contaminants of bovine growth hormone hiring protein present in the BSA finked to the 
" bead. Nevertheless ttese data srK,W Wehrichments for the hGH ^c^M upon the presence of the hGHbp 
5 on the bead suggesting binding occurs by specific interaction between KGH and the hGHbp. ; vw; 

^ ptegemidstoSr^ ******* .■»-- 

1 o foW red^recepior binding affinity compared io hGH (kd values of 7.1 hM and 0.3*nMy respectively U 
[Cunningham, Wells, supra]). The titers of the R64A hGHijene HI* fusion pteo^mid were comparable to those of 
wl d-typehGHphac«mid^^ 

enriched from a mixture.of the two phagemids pb. M13kbf7 1^>I« -n^te *■ 1*^^ BWA* «* -f0 : .-; 
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TABLE Ul. >~.*~r - - ,, , : 

over a Weater BU^ 
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Original mixture 
Supernatant ND 
Elution 1 (hGH) 
Elution2(pH 2.1) 

iso!ated(Bimbomi, H. C, Doly, J- , NllTrlftlfi Ah«H«.i Jj[f* l ™l*Ji h Aii^ th« rraa hGH aene 111^ 
^ 'Uuhn anaivrfft to determine f it contained the wild-type hGH or the R64A nbH gene m m 



C.) 
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40 



45 



isolated{Bimboftn. H. C Doly, J. , MfflfflG Mlfls pes,, iJJ'/w h ru™ R64A hGH. aene 

anSyzed by restriction analysis to determmeifitcontanedtte^ 

R64A phagemids. WT = wild-type; ND = not determined. _ . ; 

*The enrichment for phagemid over total M13K07 parental phage was -10* after th.s step. ^ , 

Conclusions 

By displaying a mixture of wild-type gene III and the gene III fusion protein on phagemid particles one can 
assemble and propagate virions that display a large and proper folded protein as a fusion to gene III. Thecopy 
numberofmegenelllfuston^ maintained at high 

erx>ughtevelstotrephagem^ We have shown that hGH 

(a 22 kD protein) can be displayed in its native folded form. Binding selections performed on receptor affinity 
beads eluted with free hGH, efficiently enriched for wild-type hGH phagemids over a mutant hGH phagemid shown 
to have reduced receptor binding affinity. Thus, it is possible to sort phagemid particles whose binding constants 



^I^^^^^^^SSmt ® e down h the nanomolar range. ; 
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■*} - ^tet^proteia. a^d ^t^^x^^PJ5*R^^n? J 31 ^ .* >nrii, ? iat i ,Bd . by . ; disc ? nfinuous .! pitopes (Janin ' J *' 
, 32W-7^Jl^ 

, cfirectJy ^ are dose interfar^^ by residues r»nnv6r^W Wr^ing. The 

5 screening system presented here shoukiaHowone to analyze more coWenienBy profeirweapfor interactions and 



r t mu isolate djs^ propefUes ' 

,„. ; I. ..m, . v ... :, .,,.„ ,"*' I^J' " " .EXAMPLE )ia [ U" ' 
K " ' ' '- '^^* " ' • selectlcflof Randomized at 

1 0 rwtnifttinn of template .^..^^ ., )Qr; . ^ , (3? . , . v ' ^ , \ \[ ^'J • • 

^ A mutant of^ hGH^wlli fusion protein was constructed using the' metr& of kurtkel;;ef a/. MsttL 
■ ftawnol. 154. 367-382 T1987|. Template DNA was prepared by growing the piasmid pS0132 (containing the 
riaturalhGHiw fused to W III. under control of the alkaline pJibsphalase 

~~«^r\ ;« r ^ne with Mi^n7 nhaoe added as Winer. SiiWtf-stfancted urabl-containihg DNA was 



■,,,'■0'... 



selecting against -parental background phage. Oligomrieotide^ 

^20^hGRuS^ ■ ■ 

5'-G ACA TTC CTG fiGX A£C GTG CAG T-3 1 ' 

This oligo introduces the Kpnl site as shown, along with mutations (R178G. I179T) in hGH. These mutations are 

predicted to reduce binding of hGH to hGHbp by more than 30-fold. Clones from the mutagenesis were screened 
25 by Kpnl digestion and confirmed by dideoxy DNA sequencing. The resulting construct, to be used as a template 

for random mutagenesis, was designated pH041 5. 

Random mutagen ^ within hdhc4 of hGH 

Codons 172, 174, 176, 178 were targeted for random mutagenesis in hGH, again using the method of 

Kunkel. Single-stranded template from pH0415 was prepared as above and mutagenesis was carried out using r - 
30 . , the following pool of oligos: / 4 , , . 



hGH codon: 
5'- GC 



TTC AGG AAG GAG ATG GAC 



172 



GTC 



174 

NNS 



ACA- 



35 



176 
- NNS 



He 
178 179 
NNS A1C 



40 



CTG EES. A1P GTG CAG TGC CGC TCT GTG G-3T 

As shown, this oligo pool reverts codon 179 to wild-type (lie), destroys the unique Kpnl site of pH0415, and 
introduces random codons (NNS, where N* A,G,C f or T and S- G or C) at positions 172,174,176, and 178. Using 7 
this codon selection in the context of the above sequence, no additional Kpnl sites can be created. The choice of the 
NNS degenerate sequence yields 32 possible codons (including one "stop" codon, and at least one codon for each 
amino acid) at 4 sites, for a total of (32) 4 = 1 ,048,576 possible nucleotide sequences (1 2% of which contain at 
least one stop codon), or (20) 4 = 160,000 possible polypeptide sequences plus 34,481 prematurely terminated 
sequences (he, sequences containing at least one stop codon). 



45 Propagation of fte initial library 
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, .n^, ; v ^ m^nesis exfrac^ twice wfth p^»roftrm^ Wa^ethanol 

^ predated vdhanexesss of (afep p addlf cbnfSdhd t^su6Sequent ■ 
■ etectrppQrafion step. Approximately 

:.; ^m^^^^m^ (time 

5 constant = 4.7 msec.). , .. , 

The a£™MS*3u& iliWii^»W» ,w 
Mfl^caften^ «Hal d8uto»ftom this culture. 

- ; 23°C the culture was incubated overnight (15 hours) at 37°C with shaking. ^'^^-^^ r 
10 ^ ' Afterovemightih^ 
PUB1 vrasprepared^^ 
a^j^ 

- Tris oH76 1 mM EDTA, 50 mM NaCI), Ptege titers vrer£ measured as c6lbny-fonriing unife (GFU) for the 
t-sl-Sv.., itre W3-lffi7.he!perptege.. \ ..^..i,. ^. it ,«-.V~- Iw^v-.U 

(PfcKptate-bu^ 
' oxira^^ 

20 silated polypropytene tube. As a control, an equivalent aliquot of phage were mixed in a separate tube with beads 
that had been coated with BSA only. The phage were allowed to bind to the beads by incubating 3 hours at room 
temperature (23<>C) with slow rotation (approximately 7 RPM). Subsequent steps were carried out with a 
constant volume of 200ul and at room temperature. 

2. WASH: The beads were spun 15 sec., and the supernatant was removed (Sup. 1). To remove 
25 phage/phagemid not specifically bound, Steads were was** Wee by ^ 



itmm^r A final wash consisted of rotating the beads in buffer A for 2 tours.^^^^ r - ^ ; , v - ^ ^g^ 



hGH in the first step, the beads were rotated with buffer A containing 2 nMhGH. After 17 hours , the beads 
were pelleted and resuspended in buffer A containing 20 nM hGH and rotated for 3 hours, then peBeted. in the 



* ^ ¥ 30 ftoai hGH wash, the beads were suspended in buffer A containing 200 nM hGH and rotated for 3 hours then ^^^^^f^^: 
pelleted. 



, £^:"V*V'.#'- 



35 



4. GLYCINE ELUTION: To remove the tightest-binding phagemid (Le. those still bound after the hGH 
washes), beads were suspended in Glycine buffer (1 RGIycine. pH 2.0 with Ha), rotated 2 hours and peBeted, ^jj^ 
The supernatant (fraction "G*; 200ui) was neutralized by adding 30 ul of1 M Tris base. 

Fraction G eluted from the hGHbp-beads (1 x 106 CFU. 5 x 10* PFU) was not substantially enriched 
for phagemid over K07 helper phage. We believe this resulted from the fact that K07 phage packaged during 
propagation of me recombinant phagemid display the hGH-g3p fusion. 
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However, when compared with fraction G eluted from the BSA-coated control beads, the hGHbp-beads 
yielded J4 times as many CFU's. This reflects the enrichment of tight4>ir)di%HGrt^^a^ over 
..; nonspeaJically;bjrKJng phac^mid. " 

, . 5. PRQ^^TiON: An aliquot (4.3 x 10* CFU) of fraction 6"eliied'W^l^i^b§a(^'was used 
5 , to infect log-phase WJM101 cells. Transductions were carried out by mixing 100 ul fraction G with VrhL WJM101 
. m cells, incubating 20 min. at 37°C. then adding.K07 (multiplicity of infection= 1000). Cultures (25 rftL 2YT plus 
. carbenjcjljin),were second pool of priac^ (0)rary ld, for first glycine elution) 

n ^ b; #ere t prei>arjc^ _ :JS! _ = .^^^^ .^,1 ^ II"-' ^ r." /^r^-^^ . ' < . •': ' 

Phage from library 1G (Fig. 3) were selected for WndirVto Fraction 
10 G eluted from hGHbp beads contained 30 times as many CFLTs as fraction G eiuted from BSA-bead§ in this 

selection. Again, an aliquot of fraction G was propagated in WJM101 cells to yield library 1G 2 (indicating that « 
,y : . . this library had been twice selected by glycine elution). Double-stranded DNA (pLIB 1G 2 ) was also prepared 
from friis culture. . ■ • .. 

© - Kpnl tf&V anf> ^t^nn-sgtecBon of dsDNA . , m . t S? ; 

15 To reduce the level of background (Kpnl+) template, an aliquot (about 0.5 ng) of pLIB 1G 2 was 

diges^d wilh Kpnl and electtt 

(multi^jcity of infection^ 100Kas described for the inffial library, and a new jtoge pool, pLIB^;^ |)repared 

(Rg. 3). , .V" ";■ ' > 

- V- In addition, an aliquot (about 0.5 fig) of dsDNA from the initial library (pLIB1) was digested with Kpnl 
20 anci etectroporated directly into WJM101 cells. Transfbmiants were allowed to recover as above; infebted with 
M13-K07, and grown overnight to obtain a new library of phage, designated phage Librajy 2 (Fig. 3). 
Soa^sstverotiKte ofsete(^ 

Phagemid binding, elution, and propagation were carried out in successive rounds for phagemid derived 
from both pLIB 2 and pLIB 3 (Fig. 3) as described above, except that (1) an excess (10-fold over CFU) of 
25 purified K07 phage (not displaying hGH) was added in the bead-binding cocktail, and (2) the hGH stepwise 
v , elutions were replaced with brief washings of buffer A alone. Also, in some cases, XL1-Bjue cells were used for _ _ 

md&^^T^mi^- phagemid propagation. ■■- -v^^ 



An additional digestion of dsDNA with Kpnl was carried out on pLIB 2G 3 and on pLIB 3G 5 before the - v ? - ' " 
final round of bead-binding selection (Rg. 3). 
30 DNA Sequencing of selected phaoemids 

Four independently isolated clones from LIB 4G 4 and four independently isolated clones from LIB 5G 6 
were sequenced by dideoxy sequencing. All eight of these ctones had identical DNA sequences: 

hGH codon: 172 174 ,176 178 - - • ^ - ■ : , 

35 5' -AAG GTC TCC ACA TAC CTG AGG ATC-3' 

Thus, all these encode the same mutant of hGH: (E174S, F176Y). Residue 172 in these clones is Lys as in wild- 
type. The codon selected for 172 is also identical to wild-type hGH. This is not surprising since AAG is the only 
lysine-codon possible from a degenerate *NNS" codon set Residue 178-Arg is also the same as wild-type, but 
here, the codon selected from the library was AAG instead of CGC as is found in wild-type hGH, even though the 
40 latter codon is also possible using the "NNS* codon set. ... .^vv .^..^^v-^v, < 
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The mulHpIicity of mfecfon of K07 infection is an important parameter in the propagation of : 
recombinant phagemids. The Kp7 mulfipjcity of infection must be high enough to insure toat virtually all cells 
transformed or transfected with phagemid are able to package new phagemid particles: Furthermore, the 
concentration of wild-type gene III in each ceH should be kept high to reduce the possibifity of multiple hGH-gene III 
jusfen moIe^Kiemg^ayJd^n eachph|^mid panicte, thwe^byrebt^ chelate effects in binding? However, 
if the K07 multipEcity of infection is tao WiM pacteging of raf will oSmi^tV^mlaf of rea^nant ; 
Dhaaemid We find that acceptable phagemid yields, with only 1-10% bat^rttur^' ko? pliage; are obtaJried when 
the K07 multiplicity of infection is 100. ' , - 
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Phage Pool 



moi (K07) 



Table IV. 

Enrichment 
CFU/PFU 



- hGHbp/BSA beads .Fraction Kpnl 



LIB1 1000 

;LB;lG:a-. *; .!; : JOQO., 
.LIB 3 100 

*^^3?sv3,&W-i;;/Vh0iQs3^ 

LIB 5 100 



ND ... . .. ,\ .30 

NO -nA.vV ;,8.5. L - S ,. 
,460 r 220 

nd •" ' ; - is - 



;iiB 2 

LIB2G 
LIB2G 2 
LIB 4 



100 
10 
100 
100 



ND 
ND 
1000 
170 



••M.7v- 
,4.1 
27 
38 



0>44 

6.57 

0.26 

m, 

0:13 • 

" ; N'D^ : f : ; 

<0.05 
•cO.10 
0.18 
ND 



Phage pools are labelled as shown (Rg. 3). The multiplicity of infection (moi) refers to the multiplicity of K07 
infection (PFU/cells) in the propagation of phagemid. The enrichment of CFU over PFU is shown in those cases 
1 5 where purified K07 was added in the binding step. The ratio of CFU eluting from hGHbp-beads over CFU eluting 
from BSA-beads is shown. The fraction of Kpnkantaining template (l.e., pH0415) remaining in the pool was 



determined by digesting dsDNA with Kpnl phis EcoRL running the products on a 1% agarose gel, and tawft^ 



..LL±, m scanning a * 








RecentorMndinq affinity of the homi ng hGHfE174S. F176Y) 
20 The fact that a single clone was isolated from two different pathways of selection (Rg. 3) suggested 

that the double mutant (E174S.F176Y) binds strongly to hGHbp ' To determine the affinity of this mutant of .. 
hGH for hGHbp, we constructed this mutant of hGHby site-directed mutagenesis, using a plasmid (pB0720) 
which contains the wild-type hGH gene as template and the fbtbwing oligonucleotide which changes codons 174 and 



25 



176: 

hGH codon: 



172 



174 176 178 

Lys Ser Tyr Arg 

5'- ATG GAC AAG GTS 2£G ACA T&C CTG CGC ATC GTG -3' 



The resulting construct, pH0458B f was transformed into E. coli strain 16C9 for expression of the mutant 
30 * hormone. Scatchard analyst 



thai the (E114S.F176Y) , mutant has a bjndii 
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0b3:--^-.;eVf!'..p ' ■ v, r;-;-:,- ^EXAMIM-EVlll -,: ..... .. . .-• , jt . : . - 

f . «>5fe -vM* ■ ■ » SECTION OFhGH VARIANTS FROttA r, r*-J-, ■ 
HEUX-4 RANDOM CASSETTE UBRARY OF HORMONE-WAGE 
Human growth hormone variants were produced by the methpd pf : tre pre^ inventton using the 
phagemid described in figure 9. • v . • . , ; 

«tio * ■: wedeslgf^avecto^ 

of the hGH-gerie III fusidh protein^ 
& rSoiety to mbre favorably display the hGH moiety on the phage (2) ^i^p/e^pf tt^ fusfon protein to- 
obtain essentially "monovalent display." (3) allowing fpr . restriction nudease s^l^ vector, 
(4) eliminating expression of fusion protein from.the starting vector, ^^_|i(«^ ? ^^^dn of the 

" & cttre^ndin^ ■ 

Plasmid pS0643 was constructed by oBQonudeoWe-d^^ 
^^n7vrh6f.iS4. 367-382 [19871) Of pS0132,whieh^ an 

T3r ^ unoWlhe^ 

20 GGT 3\ which Introduces a XJal site (underlined) and an amber stop colon (TAG) following Fte-j|j of hGH. In 



' ' 4 



15 



• iC s '-^ tr^ 5 r^ltirig consbrvxrt, pS0643« a portion of-: geoe* lll^was ditet^d,, an<| two 
occurred, yielding the following junction between hGH and gene III: 

gene m 



: mutations (underlined) 



25 



— faGB 
187 188 
G&f Ser 
GGC AGC 



189 
Qys 
TGT 



ISO 

cay 

GGA 



> 

191 am* 
Pfae Ghx 
TIC TAG 



249 
Ser 
jAGT 



250 
GGC 



251 252 253 254 
<3y Gty Ser Oy 
GGT GGC TCT GGT 




35 



40 



This shortens the total size of the fusion protein from 401 residues in pS0132 to 350 residues in 
pS0643. Experiments using monoclonal antibodies against hGH have demonstrated that the hGH portion of the 
rew fusion protein, assembled on a phage particle, is more accessible than was ihe previous, longer fusion. ■ 

For propagation of hormone-displaying phage, pS0643 and derivatives can be grown in a amber- * ■^m^^ 
suppressor strain of EjalL such as JM101 or XL1-Blue (Bullock et al.. RjoTechniques S. 376-379 (1987)). Shown 
above is substitution of Glu at the amber codon which occurs in sup! suppressor strains. Suppression with other 'i0g/$jt 
amino acids is also possible hvarfous available strains of E^wettkrww^ 

To express hGH (or mutants) free of the gene III portion of the fusion, pS0643 and derivatives can ^: 
simply be grown in a non-suppressor strain such as 16C9. In this case, the amber codon (TAG) leads to :~ 
termination of translation, which yields free hormone, without the need for an independent DNA construction. - *" 

To create sites for cassette mutagenesis, pS0643 was mutated with the oligonucleotides (1) 5*-CGG- 
ACT-GGG-CA£^IAJ7C-AAG-CAG-ACC-3\ which destroys the unique Efllll site of pS0643; (2) 5*-CTC- 
AAG-MC-TAC-Gfifi£EJA££.C-TGA-CTG-CTT-CAG-GAA-GG-3', which inserts a unique fisO site, a 
single-base frameshift, and a non-amber stop codon (TGA); and (3) S'-CGC-ATC-GTG-CAG-TGC-AfiMCI- 
GTG-GAG-GGC-3'. which Introduces a new BflUl site, to yield the starting vector, pH0509. The addition of a . , , 
frameshM 
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The BslEll - Bfllll segment is cut but of (HBO* and replaced with a DNA cassette, mutated at the codons of 
interest. Oher restrict^^ 
the horrnone-pnaoe vector. 

5 Codons 172. 174, 176 and 178 of hGH were targeted for raretom mutagenesis because tr^all lieon or 



1.0 



liaoaj;, uioj w »<- — — 

- ^^ie^su^ti^^at^t^ amihoadd aifio^lino^^ 

- *™ ] ^^gmMiWs 0^Gim S^G/G) aMach of tr» ; tar^t residue^ Thfcctoice of the 

forllaft^*^ possible nucie^de seqbenc*sror(20)^ 160.000 possiWe ppiypeptide 
^ sequences. Only one stop <xW^ 

■ Jls ^ ; iu^^s^afiir • "... ,. 3v- ■• 

GA-3 . 'i'' -.„■."■ 

20 a 1% agarose gel arxJ the large 

treated with calf MM phosphatase (Boehringer). then phenol:chloroform extracted, ethanol preaprtated. 

and resuspended for Ggation with the mutagenic cassette. ^ 

Following ligation, the reaction products were again digested with fisJEll. then phenolxhloroform 
^ 25 exacted, ethanol preciprtated and resuspended in water. (A BslEll recognition site (GGTNACC) is created 

.i&ti^ ^v.^^^^*»^': x _ ^ . . 17 9 anr | an acC (Thrt codon at 174.' Hoviteven^^^^^^fe^^;: 

******** * * ^ / treatment wifofisjQl at this step should not select against any ol the possiDie muiageiuo ui 

30 voltage setting of 2.49 kV with a single pulse (time constant = 4.7 msec.). ; t 4 s ^ „ s . w s f . 

Thecellswereallowedtor^ 
2YT medium, 100 mgArnLcarbenidlfin,arKlM13-K07(moi= 100). After 10' at 23°C, Ihe culture was incubated 

::^:'--V^V--£. overnight (15 hours) at 37<>C with snaking. Plalir^of serial dilutions from this culture 
containing media indicated that 35 x 10? electrotransformants were obtained. 

After overnight incubation, the cells were pelleted, and double-stranded DNA (dsDNA), designated 
PH0529E (the initial library), was prepared by the alkaline lysis method. The supernatant was spun again to 
remove any remaining cells, and the phage, designated phage r>,oI4,H0529E (the initial library of phage), were 
PEG-precipiteted and resuspended in 1 mL STE buffer (10 mM Tris. pH 7.6. 1 mM EDTA. 50 mM NaCt). Phage 
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titers were measured as colony-forming ;urnts\(GFU) for tTB recombirant phagemid containing hGH-g3p. 
Approximately 45 x 10 13 CFU were obtained jrom. the sta^i^ li^ary. . .^. :>c .^, , 
Pftggwrawrt ^ ctertirifi library M ' :; - J " ,: "l,;^/^ :"/ ; L; '^ V;:"''.:^ 

From the pool of etectrotranslormants, 58 clones were se^r^ in the region of the BslEll-BflUl 
cassette. Of these. 17% correspond^; tp the starting vector, 17% contained at least one frame shift, and 7% 
contained a non-silent ^termiratihgj'mutalion outside the fourlarget podons. We condu^ft 41 % of the 
clones were defective by one of thei^* measures, teaving a to^^ - 
transforms. This number still exc^the possible number of DNA sequences by nearly ^ Therefore, 



we are confident of having all possWe sequences represented In the starting library. 



T r< v 



10 



We examined the sequences '' 



mutagenesis (Table V). The results indicated that, although some oodons {and amino adds) are uj^r- or over- 
represented relative to the random expectation, the library is extjgely diverse, with no evidertoe of large-scale 
•sibling" degeneracy (Table VI). 



Table V. 



15 Codon distribution (per 188 codons) of non-selected!fioi» 



BesHua 


Niimherexrjected 


Number found 


poiinri/Fxloected 


25 Ser 
Arg 


17.6 - 

17.6 
17.6 


••••• • •• • 18 

26 
10 


; ' 1.0 
1.5 
0.57 


Pro 
Thr 
30 Ala 
Gly 
Val 


118 
11.8 
11.8 
113 
113 


16 
14 
13 
16 
4 


1.4 

1.2 

1.1 

1.4 

0.3 


35 Met-fes^ 
Tyr 

Trp 

Pre 

40 Cys 

Gtn 

Asn 

Lvs 

Asp 
45 GkJ 


*•;.:'„,«„.. 5*9 ■ ■■■ .r- 'O* ■■ ■ 

5<9 .= 

5.9 
5.9 

. 5.9 
5.9 

■ 5.9 •" ■ 
5.9 
5.9 
5.9 


2 

5 

. ' . : 7 
v, w .^-. ; ,, .-. - 14 

11 

9 

6 


0.3 

• 0.2 

■ K-«tT 

0.3 > 
0.3 
0.9 
0.9 

V:'V 1.2 

2.4 

' • 1.9 
13 
1.0 


amber* 


5.9 


- 6 


' 1.0 
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as..Glu.inXL>Bto _ ^. v ...w... .... ■ 

CVLQ ' '/ 

NNCR EASL -^ - 

■■ ' * ^ ' FPGL'"" S§ICE 

NSDF .... ^ _ ALU. 

. NGSK ASNG 

PSGG ,, KNAK 
LWFP 

• ■ > ' • ■ PAGS ^ ^i:;. ; 

GRAK , NDPI 



^ Ke NT 
TWGS 

10 kRPS 
SLOP 

GSKT 
TPVT 
15 RSRA 
, LCGL 
TGRL 
v-v>,;AKAS, 
GNDD 



' SRGK 
. GLDG 



20 




309-314 

11990]), except that wikJ-type hGHbp (Fuh et^fiiSSl^^ 

^ Immobilized hPR&p ('hPRLbp-beads") was prepared as above, using the 211 -residue extracellular 

domain of the prolactin receptor (Cunningham et al.. Science 250. 1709-1712 11990]). Competitive binding 
experimentswith[l25i] h GH in the presence of 50 u.M zinc indicated that 2.1 fmols of functional hPRLbp were 

30 coupted per ul of bead suspension. 

•Blank beads' were prepared by treating the oxirane-acrylamide beads with 0.6 M ethanolamine (pH 

9.2) for 15 hours at 4°C. 

Wnriir q setection ^nq tnroollfrtf hGHbp and hPRLbO , 

Binding of hormone-phage to beads carried out in one of the fonowing buffers: Buffer A (PBS, 4 
11^5% BSA, 0.05% Tween 20. 0.01% Wnierosa!) for selecfions using hGHbp and blank beads: Buffer B (50 mMi*s» 
tris pH 7-s', 10 mM MgCl2, 05% BSA, 0.05% Tween 20, 1 00 mM ZhCl2) for selections using hPRLbp in the 
S^^iS presence of zinc (+ Zh 2+ ); or Buffer C (P8S, 05% BSA. 0.05% Tween 20. 0.01% thimero^. 10 mM EDTA) for 
f^W'^SW^W's^etiS^ using hPRLbp in the absence of zinc (+ EDTA). Binding selections were carried out according to each,^»^|| 
: : : ; ? r 1 of the fonowing paths: (1) binding to i blank beads. (2) binding to hGHbp-beads. (3) binding to hPRLbp-beads (+ ^|| T_ 
40 Zn2+) (4) binding to hPRLbp-beads (+ EDTA). (5) pre-adsorbing twice with hGHbp beads then binding the 
fraction to npRLbp-beads " * 

( .. hG Hbp, +hPRLbp- selection), or (6) pre-adsorbing twice with hPRLbp-beads then binding the non-adsorbed 
fraction to hGHbp-beads ("-hPRLbp, +hGHbp" seleclion). The latter two procedures are expected to enrich 
for mutants binding hPRLbp but not hGHbp. or for mutants binding hGHbp but not hPRLbp, respectively. 
45 Binding andelub'on of phage was carried out in each cycle as follows: 

1. BINDING: An aliquot of hormone phage (typically 10* -10*0 CFU) was mixed wilh an equal amount of 
•non-hormone phage (pCAT). diluted into the appropriate b^r (A, Br^ 




of hGHbp, hPRU^pfr blank te^ 1 ,5 r mL p^y^opylere tube. The phage were 

allowed to bind to th§ beads by jncubating 1 hour at rpom temperature (2^Q) ^th slow rotation (approximately 
7 RPM). Subsequent steps were carried out with a constant volume pf200^L and at room temperature. 
- > ; 2. WASHES; The beads were spun 15 sec.,and the supem^ amoved. To reduce the number o( 
5 phage not specifically bound, the beads were washed 5 times by resuspending briefly in the appropriate buffer, 
■ ^ then pelleting. , t ^ - ^ ^ ,<^ rL : , ,. .^.^ nr , ht ^ ^ v . , ;; ... 

3. hGH ELUTION: Phage binding weakly to the beads were removed by elution with hGH. The beads 

were rotated wilhflie app^priateita 

the *hGH elution' and the beads. The beads were washed by resuspending briefly in buffer and pelleting. 
10 4. GLYCINE ELUTION: To remove the tightest-binding phage (i.e. those stiB bound after the hGH 
© i s : r wash); beads were suspended m Gjycine buffer (Buffer A plus p^ J^Gtyane. pH 2.0 with HCI), rotated 1 hour and 
: ? ^iteted. the supernatant.^ neutralized by-adding 30 mL of I MTris pase and 
" stored at 4° C. ■ \V'jri\" ,™ '."_V.''.'.' , r/r'.- ."_ ' ' 4 

? .fy-C \,i f\ , » v > • ........ ,-, I - , .... 

} w> 5. PROPAGATION: Ali^uot^ frdni the hGH elutions and frbm'the Glycine elutions from each set of 

1 5 beads under each set of conditions weriused to infect separate cultures of Jog-phase XLhHue cells. 
Transductions were carried otf^ 

K07 (moh 100). Cultures (25 mL 2YT T plus carbenicBlin) were gram as described above and the next pool of 
phage was prepared as described above. 

Phage binding, elution, and propagation were carried out iri successive rounds, according to the cycle 
20 described above. For example, the phage amplified from the hGH elution from hGHbp-beads were again selected 
on hGHbp-beads and eluted with hGH, then used to infect a new culture of XL1-Blue cells. Three to five rounds of 
selection and propagation were carried out for each of the selection procedures described above. 
Q DNA Sequencing of selected DhaoemMs 

From the hGH and Glycine elution steps of each cycle, an aliquot of phage was used to inoculate XL1-Blue 
25 cells, which were plated on LB media containing carbenicillin and tetracycline to obtain independent clones from 
■p each phage pooL Single-stranded DNA was prepared from isolated colony and sequenced in the region of the 
" " mutagenic cassette. The results of DNA sequencing are summarized in terms of the deduced amino acid sequences 

in Figures 5, 6, 7, and 8. 

30"; Expression and assay of hGH nutants . T . ^.jiO,.-.-:^ 

^^®f^^^S?#^^ To determine the binding affinity of some of the selected hGH mutants for the hGHbp, we transformed 
i ; j.^ r -< , DNA from sequence clones into strain 1 6C9. As described above, this is a non-suppressor strain which 
terminates translation of protein after the final Phe-191 residue of hGH. Single-stranded DNA was used for 
— — — these transformations, but double-stranded DNA or even whole phage can be easily etectroporated into a non- 
3 5 suppressor strain for expression of free hormone. 

Mutants of hGH were prepared from osmotically shocked cells by ammonium sulfate precipitation as 
described for hGH (Olson et al. Nature 293. 408-41 1 [1981]), and protein concentrations were measured by 
laser densitomoetry of Coomassie-stained SDS-polyacryiamide gel electrophoresis gels, using hGH as standard 
(Cunningham and Wells, ScifiQffi 244, 108M085 [1989]). 
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? ^ ^^^ 

receptor monoclonal anb'&dy (Mab263). "'" w ; ~* J ' v " s "' * J ' 

^ ;* ^ for a number of hGH miant^iefecfed D/different pathwa#(Figf6):are shown in Table 
5 1 VIL Many or these' mutants have a fighter binding affinity for hGHbp than wild-type hGH: Tremost improved 
mutant, KSYR, has a binding affinity 5.6 Smes greater than that of wild-type hGH. The weakest: selected 

" ;;> " Mutant am^^^ £ 

^m^^^^Q^ ^^fopyfirtts^edte ^m^-.-: 

10 ^ •• '■: :■ -.x: ' - Competitive -Un^Mit^^ ; i\ : j 3^'-y-\y-.y : -. * 

"Thesile^^ 
> glycWe selection); SH^.hGH sete^^ 
Ttenumberof times.eaehmutartoxur^^ 



it) 



15 



RAYR 0.13 + 0.04 057 o 



30 






0.16 +.0.04 


. 0.47 


— '• " nl3G . • 

^(.Vf^^ 1**^*--'-^^" ^s^t 5 ^^-: ' ■ -I - 




RSYR (3) 


0.20 + 0.07 


058 


1G^H.3G 




KAYR (3) 


0.22 + 0.03 


0.66 


3G 




RFFR (2) 


0.26 + 0.05 


0.76 


3H 




KQYR 


0.33 + 0.03 


1JD 


3G 




KEFR= wt (9) 


0.34+ 0.05 


1JD 


3H.3G.3* 






0.68 + 0.17 *i 




"frf 'A? J V*-, « : ! < ■ V^' *- S .J- V 3 H : *f . ^tU^ifit 

y-,.-.,,.?.-^^:-.,.^. ....... ^,^....(-1^,*;,;, 






0.83 + 0.14 ?i 


v 2.5 : . 

»<^^, : -^^^^ 




KKYK 


1.1 +0.4 


3.2 


3* 




RSFS (2) 


1.1 +0.2 ti 


3.3 


v--,, :r 3G/ j : * 




KSNR v ; 


3.1 +0.4 ^ 






p. '^^■i v ,v : > ■ vvj.- 


Additive and non-addiflve effects onJjtodinfl - 









At some residues, substitution of a particular amino acid has essentially me same effect independent of 
50 surrounding residues. For example, substitution of F176Y in the background of 172R/174S reduces binding 
affinity by 2.0-fold (RSFR vs. RSYR). Similarly, in the background of 172K/174A the binding affinity of the 
F176Y mutant (KAYR) is 25-fold weaker than the corresponding 176F mutant (KAFR; Cunningham and Wells, 
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* • ■: On the other hand, the Wnrtng ^nstants .^tennined. fpr several selected mu^its of hGH demonstrate 
- nor^acklitive effects of spme amirw 
-background of472K/176Y, the ;SubsBtution E174S results in a mutant (KSYR) which ^ 3.7-fold 
-tighter ftian tWiwrresporxlir^ mutant, confining E174A (KAYR). however, in the |ackWOureJ of 172R/1 76Y, 
5 the effects ofthese E174 subsfituUons are reversed. Here, the E174A mutant (RAYR) binds 1.5-fold tighter 

>-'■■ wthanthe E174S mutant: (RSYR)..: ?,m 01? ^ r-, .-. -rr^x \^^m^^m 
; d £-:ja d ^ Such mn-ao^tiye effects on bindng&r.s^tetity^ r^sjduw|iu^ate |e utility of 

^ ^proteto^ 

potions: Jn the absence of (totaled, sbru^ such a selection process, many combinations of 

10 substitutions might be tried before firKiing the. optimum mutant. 

"I. " ... . '■'. '*" " EXAMPLE IX ' " ' y '-r ^ r 

SELECTION OF hGH VARIANTS FROM A HELIX-1 ^NDOM CA^ETTE * ' 
15 • LIBRARY OFHORMONE-PHAGEi t^^mimfiBNa. . 



Using the metr»d&tesc^ btodingtq V 

10.^4. for rar^ : 

(ajsVkric^ .• xhA it- ^m-m^m-lri m. in ?m>m M'Afi '. 

"2ri-'>v! « we 

- ; .^target protein, hGH? more accessible for binolng; 

monoclonal antibody binding. Phage produced from both DS0132 (S. Bass. R. Greene, J. A. Wells, Proteins 8, 
309 (1990).) and phGHam-g3 were tested with three antibodies (Medix 2, 1B5.G2, and 5B7.C10) that are known 
to have binding determinants near the carboxyl-terminus of hGH [B. C. Cunningham, P. Jhurani, P. Ng, J. A. Wells. 
25 Science 243, 1330 (1989); B. C. Cunningham and J. A. Wells, Science 244, 1081 (1989); L. Jin and J. Wells, 
unpublished results], and one antibody (Medix 1) that recognizes determinants in helices 1 and 3 (IB. C. 
Cunningham, P. Jhurani, P. Ng, J. A. Wells, Science 243, 1330 (1 989); B. C. Cunningham and J. A. Wells, Science 
^■ : -:\ ---^^W- ''2AA, 1081 (1989)1). Phagemid particles from phGHam-g3 reacted much more strongly with antibodies Medix 2, 

30 reduced by >2000-fold for both Medix 2 and 5B7.C10 and reduced by >25-fold for 1B5.G2 compared to binding 

to Medix 1. On trie other terKj, binding of pr^ 
' ■ ' fold for the Medix 2, 1B5.G2, and 5B7.C10 antibodies, respectively, compared with binding to MED DC 1. 

Construction of the hetht 1 library lw cassette irtitaaeneste 

We mutated residues in helix 1 that were previously identified by alanine-scanning mutagenesis {B. C. 

244, 1081 (1989), 15, 16) to modulate the binding of the extracellular domains of the hGH and/or hPRL 
receptors (called hGHbp and hPRLbp, respectively). Cassette mutagenesis was carried out essentially as 
described IJ. A. Wells, M. Vasser. D. B. Powers, Gene 34, 315 (1985)]. This library was constructed by cassette 
mutagenesis that fully mutated four residues at a time (see Example VIII) which utilized a mutated version of 
40 phGHam-g3 into which unique KprA (at hGH codon 27)and Xrwl (at hGH codon 6) restriction sites (underlined 
below) had been inserted by mutagenesis [ T. A. Kunkel, J. D. Roberts. R. A. Zakour, Methods EnzymoL 154, 367- 

^1 
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G - 3 * and ACTATACCA 

V ' 5 is 2 i, W as conned by Hga«ng to the large ^l-Kjpn. fragment of pHOSOSB a cassette made from the 
comp^oBflonuc^ 



10 



The library contained at feastib 7 ^^ 
rarKiomOOedrtferentcombin^tionsof^ 

m u^h6H*^^ 

' contained the inserted ck^^i-^M^ '4e ^im* . , ' ' 

Binding enrichments of hGH-phage from the filsrariesiras carried out using hGHbp to 



15 oxian^iy^^ ^ 



VIII). Position 10 on the hydrophobic face of helix 1 



evident Imposition HfTableK), 

20 hormone variants in the non-suppressor £ constrain 16C9, purifying the protein, and assaying by competitive 
displacement of labeiied wt-hGH from hGHbp (see Exampte V«l). As indfcated. several mutants bind tighter to 
hGHbp than does wt-hGH. 
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Table VIII. 
Selection of hGH helix 1 mutants 

Variant hSH<rah^^ 

particles were selected by binding to nGHbp^ad^a^e uting ^fiGH ^gVO bufter 
followed by glycine (0.2 M, pH 2) buffer (see Example Ml») 5 &- • - 
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M : . . 
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Table IX 

Coreensus sequences torn the sefectedheRxl library 

calculated on the basii of /VAF5 32codorio^neracy: The ma»mal enrichment facto? varies from ,11 to 32 
depending upon the nominal freqiiericy value for a given residue^ values of lKd(Ala mut)/l^^ single 
alarire mutations wre taken from 

D. J. Henner, J. A. WeBs. Science 247, 1461 (1990); B. C. Cunningl^m and J. A. Wells, Proc Wit. Acad. ScL USA 
10 88, 3407 (1991). i 



Wild type 
residue 



K(j(Ala mut) 
Kd(wt hGH) 



Selected Bssm)&/< 
residue' . observed nominal 



Enrichment 



15 


F10 


5.9 
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0.50 


. 0.031 








F n 


10.14 


: 0.031 








A H.-. 


0.14 


1 0.062 




M14 


2.2 " 
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0.50 , 


0 ? p62 
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cO.14 


/. 0.031 










0.14 


0.031 








■ s . 


0.14 


0.093 




H18 


1.6 
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0.50 


0.031 
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0.14 


0.031 
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0.14 


0.031 




H21 


0.33 
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0.79 


0.031 
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0.07 



0.031 
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5 
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17" 
5 
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26 
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wowmrnr* m ■ pavus9i/o»m 

.. ....... J-.*..., ... .. ,y . ^ ?>$&'-?®\p} nw' 

41 ... . . 

-v-s— • v ,r. .-. .. .:• ... v . Table X .... 

„./..._..,.,,,.. Hndng of purtffed HGH heUxi niitfants to hGHbp - r - 

: '•, .. v"^'*> : ...'5.: • ■'■ . .. - AFT £>:;-' x • i^a^K^i..; "-lii *?f":.^~,&.i .-rv,'p tf;*-r ,. 

extracellular receptor ck>rnain. rescues l'-238)^nd Mab263 [&C.t*rwno^P^ 
~ 'Scfc/xS 243, 1330 (1989)];/ The humber€ indicates;the fractippl ; c^rrencej?{ each mutont among, all the clones 



-i. sequenced.. after one or more rourxls of selection. 



10 Sequence posiSon P ^ 

15 H q " N n V" b.50 biifSw' D ; 

A W D N 0.14 0.10±0l03 0.30 

. ,„ 3 ..,..uri- •. - * P.;- ...|| H , •. • 0.. 0.34 + 0.05 (1)" 

•-. ;&itetHNtti()S ,£,*»^Vi2 ~A .(iN»' dtyncxrT w$&*B*rmoi K&$&jA£!rV tostvxavM <* t. 

I M S H OJ07 . 0.8210.20, 2.4 
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EXAMPLE X 

SELECTION OF hGH VARIANTS FROM A HELIX-4 RANDOM CASSETTE LIBRARY CONTAINING 
PREVIOUSLY FOUND MUTATIONS BY ENRICHMENT OF HORMONE-PHAGE 

30 Design of mutant pmlolns wHh Imn m ypd binding prorwrttes bv Reraflvesetectton USiM hMTTlfflTWhaqe 
i .->.. fe-j t *A Our experience with recruiting non-binding homologs of hGH evolutionary variants suggests that many 

$mm**<mMmmm : %^^ ac)d ^tufcns can be combined to yield cumulatively improved mutants of hGH with respect to^*^ 

binding a particular receptor [B. C. Cunningham, D.J. Henner, J. A. Wells, Sdence2A7, 1461 (1990); B. C. 
Cunningham and J. A. Wells, Proc. Natl Acad. Scf. USA 88, 3407 (1991); H. B. Lowman, B. C. Cunningham, J. A. ^ 
• 35 Wells, J. Biol. Chem. 266, in press (1991)1- 
- ■ r v ^-yy^H The helix 4b Itorary was constructed n an attempt to further improve the helix 4 double mutant v t 

(E174S/F176Y) selected from the helix 4a library that we found bound tighter to the hGH receptor (see 
. ; , Wt . , Example VIII). With the E174S/F176Y hGH mutant as the background starting hormone, residues were mutated ... .. s . s , 
that suaounded positions 174 and 176 on the hydrophilic face of hefix 4 (R167, D171, T175 and 1179) . 
40 Construction of th» hrtfr 4h llbraty hy rassette mutagenesis 

Cassette mutagenesis was carried out essentially as described |J. A. Wells, M. Vasser, D. B. Powers, 
Gene 34, 315 (1985)]. The helix 4b library, which mutated residues 167, 171 , 175 and 179 within the 
E174S/F176Y background, was constructed using cassette mutagenesis that fully mutated four residues at a 
, ; r ^ ^ , time (see Example VIII) and which utilized a mutated version of DhGHam-g3 into which urique Bsffll and Bgill 
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restriction sites had beeninssrte^ the Bs/a.-BgJH sites of the vector was inserted 
acassette made from the ^ementary ofi^ ™ NNS MG ATG 

^ ; • G6G CAG GTA SNN GCT GAC CTT SNN CAT GTC CTT SNN.GAA GCA GTA The SsfOt site was 

5 e Rmiratedin^ 

lacked a cassette insert, 20% were frame-shifted, and 7% had a non-siient mutation. 

f^m&m&^m^ -.}.-., ■;;;_.^^..^-- h ^ i :-. 

Bincirgerok^entsofhGH^ 
odraneDoiyac^amide beads (Sigma Chemical Co.) as described (Example VIIO, After 6 c^es of birxf^ a 

10 reasonablyde^^^ 

notably Ser, Thr and Asn (XII). 

ft «^ynfhGH mutants t ' J . , u 

: ' ?r The bindng cOTsfints for some of triese mutants of hGH to hGHbp wasxfetermined by expressmg the 

Shormonevan^^ 

Mplac^ As indicated, the binding affinities of several 

heltx-4b mutants for hGHbp were tighter than that of wt-hGH Table XIII). ^ fe ; 

: > RnaHy.we have begun to analyze.the binding affinity of several of the pwer hGHbp binding mutants 
§ theirabilityt^bind to me hPRLbp. The E174S/F176Y mutant binds 200-fold weaker to the hPRLbp than 
hGH. The E174T/F176Y/R178K and R167N/D171S/E174S/F176Y/I179T mutants each bind >500-fold weaker 
to the hPRLbp than hGH. Thus, it is possible to use the produce new receptor selective mutants of hGH by phage 
display technology. 

Hnrnione-nhaQOT" IfrflHfi^ the lrrftmwtlon-content of particular residues 

Of the 1 2 residues mutated in three hGH-phagemid libraries (Examples VIII, IX. X). 4 showed a strong, 
although not exclusive, conservation of the wild-type residues (K172, T175, F176. and R1 78). Not surprisingly. 
S ^se were .Sues^^ (4, to 60-fold) inb^afM 

weaker effects on binding (2- to 7-fold) and these positions exhibited Hide wild-type consensus. Finally the other 
4 residues (H18. H21. R167, and E174). that promote binding to he hPRLbp but not the hGHbp, did not exhibit 
3oS anyconsensusfor ^wild-tyShGH spu^ by selection on hGHbp^ads. In fact two residues (E174 and ; 
H21). where Ala substitutions enteu^ bincling affinity to the hGHbp by 2- to 4-fold [B. CX 
Jhurani, P. Ng, J. A^ Weils! Science 243, 1330 (1989); B. C. Cunningham and J. A. Wells, Science 244, 1081 
0989^ 

Ptoc. NaU. Acad. Scr. USA 88, 3407 (1991)]. Thus, the alanine-scanning mutagenesis data correlates reasonably 
35 well with the flexibility to substitute each position. In fact . Ihe reduction in binding affinity caused by alanine 
substitutions IB. C. Cunningham. P. Jhurani, P. Ng, J. A. Wells. Science 243. 1330 (1989); B. C. Cunningham and 
J. A. Wells. Sae/x*244, 1081 (1989)], B. C. Cunningham. D. J. Henner, J. A. Wells. Science 247. 1461 (1990); B 
C. C^rvir^ arrf J. A. Welfc. Pra 



20 





scanning information is useful for tar^tjrg side-chains that modulate binding, and the phage selection is 
- " ; of sites) for 

■ h ? ^ stance $43? 1330 (4989); B.C. Cunningham and J; A .Wells. Science 244. 1Q8.1 (1 S«?))jnd ptage display is a 

5 powerful approach to designing receptoNigand interfaces jand studying molecular evol^Bon in vito. 
Variations on fterath/*^^ . V". 

in cases where combined mutations in hGH have additive effects on binding affinlty to receptor, 
mutations learned through honnone-phagemid enn^ to improve binding ^ be combined by simple cutting 
and ligation of restriction fragments or mutagenesislb yield cumulatively optimized mutants of hGH. n . 
10 On the other hand, mutations in one region of hGH which optimtze^receptor binding may be structurally or 

tev functionally incompafible with mutations in an overtap^ng or another region of: the molecule. In these cases, 

hormone phagemid enrichment can be carried out byione of several variations on the iterative enrichment approach : 
© (1) random DNA libraries can be generated in eachff two (or p&haps more) regions ofthe moleculeby cassette 

or another mutagenesis method. Thereafter, a combined library can be created by ligation of restriction 
15 fragments from the two DNA libraries; (2) an hGH variant, optimized for binding by mutation in one regtoa of the 
molecule, can be randomly mutated in a second f^ton of the mojec^ 

more random libraries can be partially selected tor jnpfoved biijtiinQ by ^hormoneiDhagemid ennchmeni; after this 
"roughing-ln" of the optimized b*ndlng site, the stiif-partially-diverse librari|s can be rkombined by ligation of 

■ "* - restriction fragmente to 

20 in turn can be further selected for optimized binding using hormone-phagemid enrichment. 
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n " * fcledionof hGH te!»4b .ManW^t^ 171. ITBvlT^.ea^cpnlaiiiing the E174S/F 176Y 

; " > ; ^ (0 - 2 M ' pH 2)buffer - 

5 one^uteritM'cbn^ 

. : - ... . .....i^^^m^^^MMmm^^^'Sij^m^ . • . . •-. 



4 Cycles 
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D S T T + 

steals .<sP:^j r | ;: ^.f« '^fes& «I^S(^^f&v ^mmmb-my^r^ 
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Table XII 

Consej^ sequencesfrom the selected library. 
Observed frequency isjraction of aB ctones sejuenee^ jwift |)e indicated amino acid. The nominal frequency 
is calculated on the basis of NNS 32 codon degeneracy. The maximal enrichment factoryarfes from 1 1 to 1 6 to 32 
S 5 - de^^ residue- Valuer of (l^(^a mut)/Kd(wt hGH)) for single 

• aTahlne mutations were taken from refs. below; for position ; 175 we only ; haye a ya|ue for,th^ C. 
Cunningham, P. Jhurani, P. Ng,J. A. Wefls. Science 243. 1330 (1989); B, : C.|5ur»ire^n? : a^ Wells, Scfence 244,; 
# m& m i08t (1989); Bi GT Gunriir^ham. D., J; Hennery J. A. Wells, Wen^ 247. 1461 (1990); B : C..Cunningham and J. A. WeBs, 

PiOC. Aca^Scj?USW88 f .3407 (1991):^ 
10 - -? 



Wild type < 
residue 



Kd(Ala mut) 
Kd(wthGH) 



Selected 
residue 



, ir Frequency . „ 
observed nominal 



Enrichment 



~ A .i *-,%, ........ Q 

' ' ' K " 
D171 71 S 



: *»-0.35': v - ' »i??0.031' 4 ft^w^ ^ W" 
, 0.24 .. 0.031 8 
0.12 0.031 ^ — • 4 

S 0.12 S--v~ Q.062: ' 2;f W 

0.76 0.093 " " 8 r 

n . :^'^^^m^M^iMmmm^'-& ■ & 

0-12 . , 0J31^ . 4 

0.88 v 01062 - 14 

■mm^m^c^xrn ;=j cr^bs?* • 0;12 ^0.031 , - a-. 4 

te>r«^^ 'v^-^^ :.,,,,^.2.7..,„... , H , : , . T, . ...... . .... 0,71 .0.062 ; .. \ . 11 



T175 ., 3.5 T 



N 



0:18 
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Table XIII 

Binding of purified hGH mutants to hGHbp. 
Competition binding experiments were performed using [ t25 l]hGH (wild-type), hGHbp (containing the 
30 extraceBular receptor domain, residues 1-238), and Mab263 (11). The number P indicates the fractional 

» occurrence of each mutant among all the clones sequenced after one or more rounds of selection. Note tnat the..^ 
'^ t ^^1^4ba^^'6m in the background of hGH(E174S/F176Yj: In the list of helix 4b mutants,, the ^fe^^ 



E174S/F176Y mutant ft, with wt residues at 167, 171, 175, 179, is shown in bold. 
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Sequence position 
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Kd(Alamut) 
^^(wthGH) 
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0.06 ±0.01 
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0.26 ±0.11 


0.77 



WO 92/09690 



PCF/US91Z0913& 



46 



.TWO! 



15- 



^ c ^ i K ^ Fab^porfion of a humanized Ig&aWifapdyi called 4D5, 

r that iec^^ WvB^ receptor, this plasmid is contained in £ constrain SR101, arKl has, been deposited 

i ^m* the alkaline 

phosphatase promoter as described above. The DNA erbokJing human gno^ honpor^ was exdsed and, after a 
series of manipufcto^ 

1 0 inserted. The 4D5 DhM contains two genes. Th6 first gene encodes the variable and constant regions of the light 
" f chain, and contains at its 5' end the DNA encoding the st II signal seqpeoce. The second gene contains four 

portions: freUtits^ This is followed by the DNA encoding 

■n the variable domafa Of the heavy chain, which is followed by the DNA encoding the first domain of the heavy chain 
I wnstantregfc^^ 

corstn^tam shbm in Figure t&lThe sequence of fte DNA encoding 4D5 is shown in Fgure 11. 

gcofftiWisfoc^ ^ j% ; 

Both|c>^yiene glya^(PEG) and electtoporafion were used to transform plasmids into SRI Qfc cells. 
; ; (PEG competeM |efe prepared and transformed accbrcfing to tte method of Chur^ irkl Mflfer (Wucfefc 
A^ f?^163M0i[1988]). (tells that were a>m^^ 
20 transformed via eiectroporation according to the method of Zabarovsky and Winberg (Nucleic Acids Res. 18:591 2 
[1990D. After placing the cells in 1 ml of the SOC media (described in Sambrook et a/., supra) t they were grown 
for 1 hour at 37°C with shaking. At this time, the concentration of the cells was determined using light scattering 
at OD600- A titered K07 phage stock was added to achieve an multiplicity of infection (MOl) of 100, and the 
phage were allowed to adhere to the cells for 20 minutes at room temperature. This mixture was then diluted into 
25 25 mis of 2YT broth (described in Sambrook et at, supra) and incubated with shaking at 37°C overnight The 

next da^Sswere pelleted by centrifugation at 5000 x g for 10 minutes, the supernatant was collected, and the ^ " 
^ phage parfcles were predpitated with 0.5 M NaCI and 4% PEG (final concentration) at room temperature for 10 ^ 5 . %s . ^ ^ 
minutes. Phage particles were pelleted by centrifugation at 10,000 x g for 10 minutes, resuspended in 1 ml of TEN 
(10 mM Tris, pH 7.6, 1 mM EDTA, and 150 mM NaCI), and stored at 4°C. 
30 Production of an tigen coated dates. , \.:J-.-L l^'^X 

Aliquots of 0.5 ml from a solution of 0.1 mg/ml of the extra-cellular domain of the HER-2 antigen (ECD) 
or a solution of 0.5 mg/ml of BSA (control antigen) in 0.1 M sodium bicarbonate, pH 8.5 were used to coat one well 
of a Falcon 1 2 well tissue culture plate. Once the solution was applied to the wells, the plates were incubated at v 
4°C on a rocking platform overnight The plates were then blocked by removing the initial solution, applying 05 ml 
35 of blocking buffer (30 mg/ml BSA in 0.1 M sodium bicarbonate), and incubating at room temperature for one hour. 
Finally, the blocking buffer was removed, 1 ml of buffer A (PBS, 0.5% BSA, and 0.05% Tween-20) was added, 
and the plates were stored up to 10 days at 4°C before being used for phage selection. 
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pflflgf arieeBon process. ; •„ , , K , C;; ,. ,.,. r , ,. . 

Approximately 10* phage particles were mixed with a 100-fold excess of KOT ^helpeV phage and 1 ml of 

btjffe^km 

ireother was applied tomcoatedweils. The plates were incubated at room temp^ one 
to three hours, and were t^r. washed three times over a period pf .30 minutes with 1 ml aliquots of buffer A. 
•Elutionof the phage^omtherjtateswas.d^atTpom hwmethodsVl) an ihifi^ overnight 

incubation of 0,025. mg/ml purified MRS a^(mur^ «! of 

the acid elution buffer (0.2 M gl$ ne,p)i2^ ** acid 

i elution buffer alone; Eluates^thenn^ 

These samples were then propagated, titered, and stored.at 4*C.. ^ . , ;i ? 
• p>ag» propagation <- -.. ,.- - £ .t ..... 

W Aliquots of eluted phage were added to 0.4 ml of 2YT broth and mixed wifo app^ately 10* mid-log 

- phase male 

« « ^Weriadderf to 5 ml of 2YT broth thatconta^^ These, 
15 o xammtam at^PJo0 to8J*ursu#^ 

were titered in order to determine the number of colony forming units (cfu). This was done Jy taWng aliquots of 
serial dlulions of a given 

**^* : &r^niiTg^vcj^ -•w^v.'v^'j^ • 

20 RtAafflnlNdet ermlnaHoa 

The affinity of h4D5 Fab fragments and F a b phage for the ECD antigen was determined using a 
competitive receptor binding RIA (Burt, D. R., Receptor Binding in Drug Research. O'Brien, RA (Ed.), pp. 3- 
29, Dekker, New York [1986]). The ECD antigen was labeled with 125.|odine using the sequential chloramine-T 
method (De Larco, J. E. etal., J. Cell. Physiol. 109:143-152 [1981© which produced a radioactive tracer with a 
specific activity of Uu-Ci/ng and incorporation of 0.47 moles of Iodine per mole of receptor. A series of 0.2 ml 
solutions containing 0.5 ng (by EUSA) of Fab or F a b phage, 50 nCi of 1 «l ECD tracer, and a range of unlabeled 



25 



at room temperature overnight. The labeled 
" '■■ me unbound labeled antigen by forming an aggregate f 
wmptexirKlusdbytheac^ Thecomplexwas 
3 0 * pelleted by centrifugation (1 5,0m x g for 20 minutes) and the amount of labek^^ 
. ." "' by a gamma counter. The dissociation constant (Kd) was calculated by employing a modified version of the 

program LIGAND (Munson, P. and Rothbard, D., Aral Biochem. 107220-239 [1980]) which utilizes Scatchard 
v -,,, analysis (Scatctard, G..Am Af.y. Acad. Sd. 51:660-672 [1949]). TheKd values are shown in Figure 13. e 
CompettHve cell bind nn assay 
35 Murine 4D5 antibody was labeled with 125-1 to a specific activity of 40-50 u-Ci/jig using the lodogen 

procedure. Solutions containing a constant amount of labeled antibody and increasing amounts of unlabeled variant 
Fab were prepared and added to near confluent cultures of SK-BR-3 cells grown in 96-well microliter dishes 
(final concentration of labeled antibody was 0.1 nM). After an overnight incubation at 4°C. the supernatant was 
removed, the cells were washed and the cell associated radioactivity was determined in a gamma counter Kd 



WO 92/09690 



48 



H „,vgli«sw»e,< 



id eter^ 

. Roihbard. D., supra) ' ' ] . . , ,^ a>u ,^t 

^ This iteposft W plasmicJ pDHi 88 ATCC no. 68663 was made under the provisions of ihe Budapest 

' Treaty on the Internal Fte&gni^f the Deposit of M^raanismsmthe. Purpose of Patent Prasdure 
5 and Ihe Regulations Sunder (Budapest Treaty). This assures maintenance bfa viable culture . fo,30 years 

"upon laying op»'teitepufi^i9 any 0. 1 of ft 
10 availably of tneprc^ny to ore ^ 

depositshpu^ie or be lost 
ftheywil be ptomptl^replateed 'orrnptific^i^th a viable 



or 




15 specimen of tfie same culture- AvailaDui^ rt 



rts riotf^ 



the invention r in (britrawrMn of tfferii 



police tr« invention. The ixesert 

20 fcpositedembriimentsa^^^ 

that are functionaHy equivalent are within the scope of this invention. The deposit of materal r*rein does rK,t 
constitute an admission that the written description herein contained is inadequate to enable the practice of any 
aspect of the invention, induding the best mode thereof, nor is it to be construed as limiting the scope of the 
daims to the specific illustrations mat it represents. Indeed, various modifiers of the invention inaddit™ to 

ordinary skHI. after readir^ the forego^ spedfi^ 



m 



and equivalents thereof. 
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Sltl^ OF teH VARIANTS FROM COH^^^ 



: ? ? r ^«fi^l6 ^ili^ prihdpies {J. A. Wells, Sfoc/J6/n/sfty 29; 8509 (1990)], mutations in different 
parts of a protein, if they are not mutually interacting; are expected to combine to produce addiliye.chgnges in the 

":&e1^ ■ 

1 0 ! "tia second mutation caus^ im^^M^m^ to yield a (touble mutant witH a.64old 
increased affinity over the starting variant " * : ' 

_ Totestwtwthermultiple mutations obtainedfromh^ 

? favorable effects on hGHbp (hGH-bihcling jxotein; the e^ of the hGH receptor) binding, we 

combined 

3 15 ^b^fd^ - V 

^flgitast^^ 

R167eD171Sn-175/l179, and ! ' ft^Ki/D^VNm75m7^f^ * # K -^VT^i?.*. %r 
■ hGH-phagemid double-stranded DNA (dsDNA) from eacli ol and 

2 f Isolated and llg|ed witf^^ from each helix-i Variarrt to yield the new two-hefix variants shown in 

' TaHeX^^ •' 
selections (see Example X for details). 
Con v i ction of selec ts ramblnatortal libraries of hGH 

Although additivity principles appear to hold for a number of combinations of mutations, some 

O 25 ' combinations (e.&E174Sw^^ 

with certainty the tightest binding variant with, for example,4mutotionsinhelix-1 aM 4 mutations in helix-4, one 
would ideally mutate an 8 residues at once and then sort the pool for the globally tightest binding variant. . ; ; 

J However, such^ p^^ 

ioiO different polypeptides. Obtaining a random phagemid library large enough to assure representation of all 
30 ; variants (perhaps 10 13 transformants) is not practical using current transformation technology. 
uir . : , We have addressed this difficulty first by utilizing successive rounds of mutagenesis, taking the ; . % ; : 

Sfegi IIS f tightest binding variant from one library, then mutating other residues to further improve binding (Example X).^i|^ ~ 

independently sorted libraries to create multiple mutants with improved binding (described above). Here, we _ 
35^/'lu^^^i^^Wpo^ combinations of mutations at positions 10. 14, 18, 21,167, 171, 175. and ' - 
179 in hGH. by creating combinatorial libraries of random or partially-random mutants. We constructed three 
different combinatorial libraries of hGH-phagemids, using the pooled phagemids from the helix 1 library 
(independently sorted for 0. 2, or 4 cycles; Example IX) and the pool from the helix-4b library (independently 
sorted for 0, 2, or 4 cycles; Example X) and sorted the combined variant pool for hGHbp binding. Since some 
40 amount of sequence diversity exists in each of these pools, the resulting combinatorial library can explore more 
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3^4:^ : ■; hGH^hagemid doubie-stranded DNA (dsDNA) from each of^pne^nx liix^ pools (selected for 0, 
2, or 4 rounds) was isolated and digested with the restricfion enzymes Acd and Bsttl. The large fragment from 
each helix-1 variant pool was then isolated and Ogated with the small fragnient from each hefi*4b variant pool to 
yield Ihe three combinatorial libraries pH0707A(unselected helix 1 and heli* 4b pools, as descrtoed in examples IX 
5 and X), pH0707B (twice-selected helix-1 pool with ^ pool), and pH0707C (4-tirnes 

- Elected helix-1 pool with 4rfimes selected heBx^ p^^^ and 
. designated aspH0707D,pH0707E i imdpH070^ to ^O^and *rw^ sterijng libraries 

respectively - Allot theseyariant |Wls^cw«a^ 
binding selections (see Example X for details). 
1 0 Sorting combhm nrial libraries rrfhfiH^nhage variants 

The ligation products pH0707AtF were processed and eiec^-transfcfmed mto XL1-B^e ceDs as 
:< described (ExampfeMil). Based on cp^ number of , trans^^ from each 

m pool was as follows: 2.4x106;from pH0707A,; 1,8x105 frpm p^7B,1^o6 ft^ _ 
pH07O7D; 3x10? from pH0707Ej ^4^ 
15 selected for hGHbp-binding over 2 to 7 cycles as c^scribed in Example Vlll. ^-^::^^r.'^fm^S' 

flapfttsr^ngof JiGH-i^emldllbfaifeS^ * r d ^^^^.^^^^ :. -, <;V 

• *r^i*^ affinal Is of interest to Mrt.for^ya^ . ■ . ; ; 

20 equilibrium dissociation constant, Kq- = (koff/kon). We envision that certain variants of a particular protein have 
similar Kd's for binding while having very different kon's and koffs. Conversely, changes in Kd from one variant to 
another may be due to effects on kon, effects on koff. or both. The pharmacological properties of a protein may 
be dependent on binding affinity or on kon or koff, depending on the detailed mechanism of action. Here, we sought q 
to identify hGH variants with higher on-rales to investigate the effects of changes in kon- We envision that the 
selection could alternatively be weighted toward koff by increasing the binding time and increasing the wash time 

mmmmmmm. From time-course analysis of wid^ype hGH- » hro]M 

r of the total hGHitagemid partkte^ ^ 
w binding and elutfon protocol), less than 10% are bound after 1 minute of incubation, while greater than 90% are . o 

••^^30^?. bound after 15 minutes of inwbatforw,^ \, v . , < v.:- ,>^>>*^i; : 

: ; : For -rapid-binding selection; phagemid particles from the pH0707B pool (twice-selected for helices 1 
and 4 independently) were incubated with immobilized hGHbp for only 1 minute, then washed six times with 1 mL of 
binding buffer; the hGH-wash step was omitted; and the remaining hGH-phagemid particles were eluted with a w^^^m 
pH2 (O^Mglydne in bintfng buffer) wash. Enri*mert 
35 indicated that even with a short binding period and no cognate-ligand (hGH) challenge, hGH-phagemid binding 
selection sorts tight-binding variants out of a randomized pool. 
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... .. The binding constants for some of these mutate of h6H to hGI^ was determined by expressing the 

r •? : ~'^Tj&libMm'iaittfiK : ln t»e.ijoj«oppre^€^^J.eW or 34B8, purifying the protein, and assaying by 
competitive displacement of labelled wMiGH from hGHbp (see Example VHft in* radl^mmurw^ecipilafcn assay. 
r 5 InTaWe XIII -A below* all the variants haye glutamatei74 replaced by serir^m and pheny!aSaninei|6 replaced by 



14, 18, 21, 167, 171, 175 and 179. 2.5^ 



10 J Table XHI-A ^ 

v hGH variants from addtion of helix-1 and heB*-M> mutations 
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^ 25 In Table XIV below, hGH variants were selected from combinatorial libraries by the phagemid binding 

selection process. All hGH variants in Table XIV contain two background mutations (E174S/F176Y)* hGH- v^K*iS;. 

pools from the libraries pH0707A (Part A), pH0707B and pH0707E (Part B), or pH0707C (Part C) • ; 
were sorted for 2 to 7 cycles for binding to hGHbp. The number E indicates the fractional occurrence of each 



variant type among the set of ctones sequenced from each pooL 
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Table XIV 



Hbrarles. 



; 0 



Hefe4 



5 wild-type residue: 

-. , Part A : 
. 0.60 



10 



15 



20 



25 



30 



35 



0.40 
Part B; 

0.13 
0.13 
0.13 
0.13 
0.13 
0.13 

0.13 ■ — 

, 0.13 

- 6.13 - ^ 
0.13 
0.13 
0.13 
0.13 * 
0.13 
p.13 
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0.17 
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0.17 
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4 cycles: 
H0714A.1 

H0714A.4 



Eia MB 




0.57 
O.H 
0.14 
0.14 
0.50 
Part C: 

&&te&^a&fa- 4 cycles: • 
0.67i^»ifc' H071 4C.2 ; 

'.-.las,; v;,|^ 



2cydes: 
H0712B.1 
H0712B.2 
H0712B.4 
H0712B5 
- , H0712B.6 
H0712B.7 
-H0712B.8 
. H0712E.1 
- ^ H0712&2 
H0712E3 
H0712E.4 
'H0712E.5f 
H0712E.6 
H0712E.7 
■ H0712E.8 
4 cycles: 
2H0714BJf 
H0714B.2 
•H0714B:3 
H0714B.4 
H0714B.5 
H0714B.6 
7cydes: 
H0717B.1 
H0717B.2 
H0717B.6 
H0717B.7 
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* = also contained the mutations L15R, K168R. 
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InTaWB XV below, hGH variants were selected from combinatorial libraries by the phagemid binding 
selection process. All hGH variants in Table XV contain two background mutations (E174S/F176Y). The number 
**SS£r: 501 Eis tofracfional^r^ofa^^ 
selection. 



Table XV 

hGH variants from RAPID hGHbp binding selection of an hGH-phagemid combinatorial library 
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In table XVI below, binding con§tartkw m 




hormone H0650BD or labelled hGH using hGHbp (1-238) and either Mab5 or Mab263. The variant H0650BD 
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TaWeXVl 



Equilibrium binding constants of selected hGH vaifants. 
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10 



15 



hGH: 



KrifvariantV. 
K<J(H0650BD) 



^(variant) 
Kd(hGHy >; 



Kd (pMi 



hGH 


32 




340 i 50 


H0650BD 


-1- 


? ' 0.031 ' ' 


10±3 . : 'tsU> 


H0650BF 


15 


*• 0.045 - 


15 ± 5 : * ■:> .. 


H0714B.6 


3.4 


- 0.099 " 


34 ±19 ■ - 


H0712B.7 
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74± 30 


.,.„„. . H07.12E.2_ 1_ 
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EXAMPLE Xiir ^ " ^ ^ ^ " " 1 1 - 



; Sefectheenn^unentof hGVVphage contaWng'ai 



•- v : \ * ■ 

25 



As described in Example l, lhBptasi^ 

mp^wahteinss^ofan exuaoiycine residue- This ptasmid may be used to produce KGH^geparWes 
in*N* «» »«» ■ Won product* dSplayed — *« *• V**™**" 

proteincomrrfsestreeniirehG^^^ 
sequence. 



30 



3M i*:****. : 



et air. Proteins: 



aructoe. tunc** and genetta 6*40*48 (1989)). TNs variant (hereaBer relened to as 
^35, restricted so M certain Nstane«r*ai* 9 subs*»es are preterenfatly hyn«»sed (Carter et at. Science 




To investigate the feasibility of using phage display technoiogy to select favourable substrate 

sequences for a given proteose enz^^ 

f.nr.fcn and oenetics 6240-248 (1989)). This variant (hereafter referred to as . ; „ 



, A^f^jf 237394-399 (1987)). ***• 



-hrim&im&r^ ' 0 ') PCT/US91/09133 

WO 92/09690 * - y y ' ^ 

Tte sequence of the Tinker regionin pS0l32 was, muiated,tp.o?ate a substrate sequence for A64SAL 
subtilisin, using the oligonucleotide S'-TTC^GG-CCC-TTC^GCT^CT^AC-TAT-ApG^GJ-CAG-TCG- 
ACT-GAC'CTG-CCf^^This resultedfin the;;intrpduc|ion. of ? the.. protein sequence Phe-Gly-Pro-Phe-Ala-Ala- 
5 His-Tyr-^Arg^Gln-Ser'Thr-Asp iR.tlieilinker region/between hGH and the carboxy terminal domain of gene III, 
where the first Phe residue in the above sequence is pheiai r Qf ; hGH,The ggquop AJa^a-His-^r-Thr-AgpGIn; 
• - is khown to-be a good substrate; for. A64SAL: subtilisin (Carter et al, (1989), sujjra). The resulting pjasmid was 
•' ^designa'ted-p^ 

Q Phagemid particles derived from pS01 32 and pS0640 were constructed as described 

inExample t^l^M f^P^Q^n^.a^l^.aBq^o 1 ®? < *.F?!?? e -P??f T^ 8 feP? rall ^■ n '' i * e<l ^*^" 
0 3fjuJ of QxiraneVads (prepared as dW^bed in Sample H> iH lObpi of buffer comprising ? - . 

20^Trfe-Hci pHal ami isjUN^ as 
15 describedin example VII. The beads were then resuspended In 400uJ of the same buffer, with 
or without 50nM of A64SAL subtilisin. Following incubation for 10 rninutes, the supematants 
ISecoierted and the pha^tliWicfuy measured. Table XVII shows that approximately 10 - 
;'- -times more substrate-containing phagemid particles (pS0640) were eluted in the presence of 
' 1 erizymethan in the absence^ of erizyifieror than in the case of the non-substrate phagemids 
20 (pS0132) in the presence or absence of enzyme. Increasing the enzyme, phagemid or bead 
concentrations did not improve this ratio. 

^ improvement nf the selective enrichment procedure 

^ In an attempt to decrease the non-specific elution of immobilised phagemids, a tight- 

~ 25 binding variant of hGH was introduced in place of the wild-type hGH gene in pS01 32 and 

iSliS* KS^pS 0640 - The hGH variant used was as described in example XI (pH0650bd) and contains th^ 
«^ £ V *^ :U t mutations PhelOAIa, Met14Trp, His18Asp, His2lAsn, Arg167Asn, Asp171Ser, Glu174Ser,^^^ ^ ^ 

Phel76Tyr and lle179Thr. This resulted in the construction of two new phagemids: pDM0390 

k „ ^ (containing tight-binding hGH and no substrate sequence) and pDM041 1 (containing tight- ^ |, . ; . ^ 

; : v .^ l^. • ; ,. 30 binding hGH and the substrate sequence Ala-Ala-His-Tyr-Thr-Agr-GIn). The binding washing :V,^„ 

and elution protocol was also changed as follows: . U ^ 

(i) Binding: COSTAR 1 2-well tissue culture plates were coated for 16 hours with 
jr »;:r 0.5ml/well 2ug/ml hGHbp in sodium carbonate buffer pH 10.0. The plates were then incubated ' < * 

with 1 ml/well of blocking buffer (phosphate buffered saline (PBS) containing 0.1%w/v bovine 
35 serum albumen) for 2 hours and washed in an assay butter containing 10mM Tris-HCI pH 7.5, 

lmM EDTA and 100mM NaCI. Phagemids were again prepared as described in Example I: the 

phage pool was diluted 1 :4 in the above assay buffer and 0.5ml of phage incubated per well for 

2 hours. 



(ii) Washing: The plates were waSh^tho^ught^^ 
Mm '' ar ^ incubated for 30minutetf«^ repeated 
three times. '" """"" °' v " v " • '* ••• ■■' ' - ■>■-'-•• : ■r-.^v;^. 
pi) Eution: The plates were incubated for 10 minutes in an etution buffer 
5 consisting of 20mM Tris-HCI pH 8.6*l00rhM NaCl, then the phage were eluted with 0.5ml of 
'the above ^ of A64SAL subtilisin. tMzi^kW-^sm*^ , . 

v . ; r fable XVII shows that thWre was i dramatic inaease WteJ^&m&^>*b*M* 

substrate-phagemid particles compared to the method previously describec! ; fpirpSp,640 and 
PS0132. It is likely that this is due to the fact that the tigh^nding hGH mutant has a • 
10 signrficartly slower off-rate for binding to hGH binding ^ 

Specific elutlon of subs^trat^-pliagemids by aI^sIaL suttliisih 

% ; , ? colony forming units (cfu) were estimated,,by plating puj 10^ of 1 0^iUWons U bhage on 
10uJ spots of XL-1 blue cells, oh LB agar plates containing SOjig/ml carbeniainnl 

, . Wild-tvpe hGH gene: binding to hGHbp-oxirane beads 

T*^ -:^-^06^ts1ibsifa^ Vntetott^ ■ ' 

■ " - " ' ^SOI^ (no'h-substrate) v : , w t v , ; ,3x10^fu/l0uJ ■■ ., 

(ii) pH0650bd mutant hGH gene: binding to hGHbp-coated plates 

phaoemid + spnM A64SAL no enzyme 

PDM0411 (substrate) 1.7xip5cfu/10ul 

PDM0390 (non-substrate) 2x103 C fu/10uJ ix103 C fu/10ul 



25 



i. .. 30 



k . . Example- XIV- ••^•^^^'^S 



«i* identification of preferred substrates for A64SAL subtHlsIrt usm^^^tl^^ 
..fhhnuint rtf a iihrarv of substrate seauences. 



enrichment of a library of substrate sequences.' 

||| |||;|i§4o i v ; 1 1 " We sought to employ the selective enrichment procedure descnljed to i 
^ :?f ' iden1ifV good substrate sequences from a library of random substrate sequerwe^^||^|-^ 



********* ^nstni^n of a vertorfnrin^rtion of rfinnomi^^M^mtft cassettes .^^^ 
* , We designed a vector suitable forintroduction of randomised substrate cassettes, and , 
45 subsequent expression of a library of substrate sequences. The starting point was the vector 
pS0643. described in Example VIII. Site-directed mutagenesis was carried out using the 
oligonucleotide 5'-AG(>TGT-GGC-TTC-QGS^^ 

TCT-3', which introduces Aoal (GGGCCC) and Sail (GTCGAC) restriction sites between hGH 
v and G ene III. This new construct was designated pDM0253 (The actual sequence of pDM0253 , 



\^£j Ww6mr:m vD ■ 5 pgt/us91/09133 

" - 57 ■ -^mie ow 

: ^ > - the und0riined;bjise substitution to ,^ ^uifous error in the mutagenic oligonucleotide). 
X t u cin addition^thartightrWndinQ was introduced fey exchanging 

- ; ^ ^ ^fragment frpmj?DM04 lib r ar y vector was designated 

pDM0454; U^V ^ ; V ;s. , : ; r: ,.J'. . - . v . _ 

I Preparation^ of the l^ertlon oTtftf VnultaQenlc 

■ ^ cassette : n? ^c;^^* &e^e^ ot^ vf-o vSr ^ : r a ;^ te j^bm . iVC 

To introduce a library cassette, pP^04^ wa§ digested ^ Sail, then 

■\: ^preciprtatedtwth ^ washed twice in 70% ethanol and 

1 0 & resuspended^Jiis ^tficientl^predpitete§ the yector but leaves the smaii Apa-Sal fragment in 
^ solution (Paft^ Research 19:13^6). The 

;*productwas;mr*^ digested vedor excised, purified using 

s v& «andpiep:kifc(Parn^d9) ^^^s^p^ 

w t r ; The cassette to be Inserted contained 3 DNA sequence similar to that in the linker 
15 region of pS0640 aixfcpQMQ^^^ residues in 

the substrate sequence replaced by randomised codons. We chose to substitute NNS 
(M=G/A/T/C; S=G/C) at each of the randomised positions as described in example Vlll. The 
oligonucleotides used in the mutagenic cassettes were: 5 -C-TTC-GCT-GCT-NNJS-NNS-ACC- 
CGG-CAA-3' (coding strand) and 5-T-CGA-TTGrCCG-GGT-SNN-SNNTAGC-AGC-GAA-GGG- 
20 CC-3' (non-coding strand). This cassette also destroys the Sail site, so that digestion with Sail 
may be used to reduce the vector background. The oligonucleotides were not 
phosphoryiated before insertion into the Apa-Sal cassette site, as it was feared that 
subsequent oligomerisation of a small population of the cassettes may lead to spurious results 
with multiple cassette inserts. Following annealing and ligation, the reaction products were 
25 phenol:chloroform extracted, ethanol precipitated and resuspended in water. Initially, no 
•li^Stf^ with Sail to reduce the background vector was performed. Approximately 200ng was 
■&mmm eledroporated into XL-1 blue dells and a phagemid library was prepared as described in 
example Vlll. 

30 ^ Selection of highly cleavable subs trates from the substrate library 

The selection procedure used was identical to that described for pDM041 1 and 
pDM0390 in example XIII. After each round of selection, the eluted phage were propagated by 
^ s ; : ^ transdudng a fresh culture of XL-1 blue cells and propagating a new phagemid library as 
described for hGH-phage in example Vlll. The progress of the seledion procedure was 
35 monitored by measuring eluted phage titres and by sequencing individual clones after each 
round of selection. 

Table A shows the successive phage titres for elution in the presence and absence of 
enzyme after 1 , 2 and 3 rounds of selection. 
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Cleariy, the ratio of specKically eluted phage: non-spe. 
" ' 1^ ^^age^ 3 ' 
suggestir^ 

Sequencing of 10 iso«ates from the starting library showed them all lb consist of the 
5 wild-type RDM0464 sequence. This is attributed to the .W M ^^ .^ 



digestion. Nevertheless; there are only 400 




10 3of s^cS^ 
" ridU^.Th^» 

l^^^^jlg^^^ift^ &blie^se1t|ue^*^ 
^ett^:Nofthbw^ 




15 notpresemi^a^inWin^ll^ ^ 



Ms 





Titration of 



Table A 

phage pools and eluted phage from 3 rounds of selective 



&ol6niM6rn^ngunt^ of p ^ a9e on 

idiJ spots of XL-i blue cells, bn'LB agar plates containing 50pg/ml carbenicillin 
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20 
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BOUND 1- 
Starting Rbrary: 
: ^LIBRARY: 



pDM0411: 
(control) 

BQUbID-2 u 

Round 1 library: 

LIBRARY: 

i pDM0411: 
(control) 

BOUND 3 

Round 2 library: 

LIBRARY: 



35 



pDM0411: 
(control) 



3x1 0 1 2 cfu/ml 

+500nM A64SAL 
no enzyme 

+500nM A64SAL 
no enzyme 



7x1 0 1 2 cfu/rnl 

+500nM A64SAL ; ^ 
no enzyme 

+500nM A€^AL^sr 
no enzyme 



7x1 0 11 cfu/ml 

+500nM A64SAL 
no enzyme 

+500nM A64SAL 
no enzyme 



3x1 0 3 cfu/10^! 

2x1 0 6 cfu/10^1 
8x1 0 3 cfu/10|il 



£3x11)* du/IOjil 
S 3x10? Ju/10|i! 

^^x^^cfWibjii 



1x10 5 cfu/10fil 
<10 3 cfu/10^1 

5x1 0 6 cfu/1<Hil 
3x1 0 4 cfu/10^1 
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Table B1 



Sequences of eluted phage ; *fter 2 rounds of selective enrichment. 

: All protein seqi/enceashpuW ^ a 
randomised codon: In the table tow, the ^ ar^aminp addsare underiined 

and in bold. 



After round 2: 



fipqnence 



'8' 



R Q 



GCT GCT f Af! TAC ACC CGG CAA . . .' ' 

A A A M T * °- 
... GCT GCT raff ATS ACC CGG CAA . . . ;. 



T R •; Q 



i v a 

GqCgCT f^n 'i^l ACC ; CGG-C^Y/f^:"- » 

.- f. . ' .." . - . ■ • 3 £$$^?&£V& 

A A H I * Q 

GCT GCT r_Aff ACC CGG CAA . - . 

A A Z A T R Q 
GCT GCT CAC ACC CGG CAA 

wild-type pDM0454 



No. of 

Occurrences 



^> 2 

1 



l 
3 



## 



figs 



#- spurious deletion of 1 codon within the cassette r 

■i^-^ ^Mf*';^* 3mDlQU0US S6CJUBliC© , - ^ff^^^-^r 'jH'f ffi ^l-Pjllf-K ^ v .." ^-Wm^^ 
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Table B2 

- SrT . a n. oc ni einfpf* -pKafib after rounds of splfrtivfi enrichment. 

5 • -Al protein sequences should be of the formM^O.'Where^r^ehfef a 

randomised codon. In the table below, the randomlsed^ns a^^m^acids are underlined 
and in bold. . < ;s^a 

.\:.r.:V.vO . - 



ftftAr mund 3: 

10 „ ..'/^-"i No. of 

Sfifluancfi - ' " SuafiDces 



A A H X T R Q 
-j 5 GCT GCT flft fi ™ ACG CGT CAG 



.a a ii a t r a; '•;* !f:.^ v i A ' ,7: ' "'^ • • 

GCT GCT rrpr CAC ACC CG£; qAA Y^V*"^ 



20 a a a a t r q 

... GCT GCT CAC ACC CGG CAA 



A A I H T R Q 

■ " ; . . V ■- GCT : GCT^ftf!fi ; CAC ACC, CGG £A* ^''TSlp^iKl''' 

A A A a s ev^- h \Qc-: ; -••:,?*£ ••• ^ii^^¥4#6'-- 
. . .. GCT GCT r Ag TCC CGG eAA • ' * - ■ ; ^ • — 

a a a a t r q 1 ' ^ ~' 7 

30 ... GCT GCT r&T CAT ACC CGG CAA 1 



## 



a a a e r Q 

. . . GCT GCT fAC TTC CGG CAA 

35 A A a I R Q 

... GCT GCT CAP ACC CGG CAA 



1 



0.,.,:^^^v^.. #,-^ contaminating sequence from pDM0411 ^ 



, # . . contaminating sequence irom pumuH 1 1 ...... ,>---^ rt . ... A « 

,S£g; |g| SSs the W codon CAT , T should not appe^ injhe 3rd posrt.cn of a.^l^^ 

40 codon. . --,^^^*^^|^^-.-. ' - . ■ ■rxjj&*-£** 
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GENERAL INFORMATION : 

M) APPLICANT: Genentech, Inc_ 
n.i .r t i A -o;:-';* Garrard', Lisa J. 
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Henner, Dennis J. 
Bass, Steven 
Greene, Ronald 
Lowman, Henry B. 
Wells, James A. 
Matthews, David J. 



^^if^TlTLE OF INVENTION: Enrichment Method For Variant Proteins .With- 
Altered Binding Properties 

(iii) "NUMBER OF SEQUENCES: 27 ^ \ . - , ^ * : ^ 

(iv) CORRESPONDENCE ADDRESS: w - - ^ 

(A) ADDRESSEE: Genente^, Inc* _ .. a ^;-W^. 

(B) STREET: 460 Point Brufto Blvd^^^ . ., 

(C) CITY: South San Francisco _ - ^ v ; : y; . 

(D) STATE: California * ^ ^ ^ l - 
^(E) country: USA . ■ Sfi^./SIS^ /iflv?. •, ,0 . 



mm 



(F) ZIP: 94080 



(v) ^COMPUTER READABLE FORM: / . t , - , / 5^'^^v : :^^ 

(A) MEDIUM TYPE: 5.25 inch/ 360 Kb f Idppy^disK 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 
(DJ SOFTWARE: pat in ( Genentech ) £ 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 03-DEC-91 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/743614 

(B) APPLICATION DATE: 09-Aug-91 



(vii) PRIOR APPLICATION DATAr 

(A) APPLICATION NUMBER: 07/715300 
(BK APPLICATION DATE: 14-June-91?^^^^ 

(vii) PRIOR APPLICATION DATA: _ ^ 

: v vAn^'i;; j A j-- APPLICATION NUMBER: 07/683400 

(B) APPLICATION DATE: 10-Apr-91 ^ ? 
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(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/621667 ,• 

(B) APPLICATION DATE: 03-Dec-1990 



(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Benson, Robert H. 

(B) REGISTRATION NUMBER: 30,446 

• ■*• (C) REFERENCE /DOCKET NUMBER: 645P4 w^^m^m^mmm^- 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 415/266-1489 

(B) TELEFAX: 415/952-9881 

(C) TELEX: 910/371-7168 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 bases 

(B) TYPEr nucleic acid; 



•VV : 'V ■' ■■'V 



63 



(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear ; ' ' ;* 

( X i) SEQUENCE DESCRIPTION: SEd* I© -N<^^^;'; 
5 1 " : 

GGCAGCTGTG GCTTCTAGAG TGGCGGCGGC TCTGGT 36 

10 (2) INFORMATION FOR SEQ ID NO: 2: — ^ v-;f^ 

(i) SEQUENCE CHARACTERISTICS:: . r . r _ 

(A) LENGTH: 36 bases * \- — ^ w . , - - i 

(B) TYPE: nucleic acid ,1* -...v ,. * 

15 (C) STRANDED NE S S : single '* V' * 'I ^ I' ' V';;^'" v ":^' - ; ■ 

(D) TOPOLOGY: linear ^ / > ■ " ?*A'~ 

(xi) SEQUENCE DESCRIPTION: SE^ ID NO:2: ; 

. AGCTGTGGCT TCGGGCCCT^ -'AGCATTTAAT "".'GCGGTA; 'a-o^f ;4^>- 



25 



(2) INFORMATION FOR SEQ ID NO: 3 J 



<i) SEQUENCE CHARACTERISTICS; . ; , , ^ ^r^^^^y^, 
" (A) LENGTH: 33 bases v .^ : ,.^ f ., . , ^_ 

(B) TYPE: nucleic acid r ^ :f ^ 



. (C| STRANDEDNESS:- single' Z^Z^'^ ■^^^t^'-''^^.-- 
30' (D) TOPOLOGY: linear." ' .hjxT^im^^'^S^- : • •' . 

■ (xi) SEQUENCE DESCRIPTION: SEQ: 'lIT 
35 TTCACAAACG AAGGGCCCCT AATTAAAGCC AGA 33 

(2) INFORMATION FOR SEQ ID NO: 4: 

40 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

. V^,.;.;;.."/^. (D) TOPOLOGY: linear ,,,,, . ■.- ■ ^ , " 

f -'.W - ' f : «J|g*^ DESCRIPTION : SEQ ID' NO s 4 ^^tS?*©*^ 

CAATAATAAC GGGCT AG CCA AAAGAACTGG 30 

50 . ; . . , ; 

V " (2 ) INFORMATION FOR SEQ ID NO: 5: ; " - --,^SP^,'f '^'■Hf\" :t"»V>-?s.* 

" ^ i j SEQUENCE CHARACTERISTICS: ^^Z^^^i, ^ r -- 

55 (A) LENGTH: 24 bases '." /'vt^J^:.^^ 

(B) TYPE: nucleic acid 

■ (C), STRANDEDNESS:. single , ^, iT .>,^,>.^, 0 ^M: ? ^r^'-^ 

■Z^^A m'" (D) TOPOLOGY: linear ; , - ' . ' ... v.-^:,^^^^. .-a ~ ;.-.^v ; *. 

60 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
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CACGACAGAA TTCCCGACTG GAAA 24 
(2) INFORMATION FOR SEQ ID NO: 6: 
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64 

(A) LENGTH: 23 bases "";;/; 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION : SEQ m NQ: 6 : 
CTGTTTCTAG AGTGAAATTG TTA 33 ^ 
(2> INFORMATION FOR SEQ ID NOr7: ; ^ 



(i) SEQUENCE CHARACTERISTICS : ; \^;r; 
15 (A) LENGTH: 21 bases v-.-^v* 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single _ W 

(D) TOPOLOGY: linear t 

20 ' ' (xi) SEQUENCE pESCRIPMOl^ . ?EQ *D J9^^., ^ . /|| 

■ ACATTCCTGG GTACCGTGCA G 21 ^ . . ^ ^ ; _ ( ^ :." 

25 (2) INFORMATION FOR SEQ ID 



30 



■ ( i) SEQUENCE CHARACTERISTICS: ^;^; 
1 (A) LENGTH: 63 bases ~- ^.U?""'"^ 

(B) TYPE: nucleic acid ./ /"\v'- 

(C) STRANDEDNESS,: - . s ingle -i-y^^m^^ £x®^&&iiftr. 

(D) TOPOLOGY: linear ... . 



35 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

GCTTCAGGAA GGACATGGAC NNSGTCNNSA CANNSCTGNN SATCGTGCAG 50 

40 TGCCGCTCTG TGG 63 



( ; ; - • v (2) INFORMATION FOR SEQ ID NO: 9: . . ; . -;v ; ^ - ' /'^T^^^ 



H^«^^45i»» U>? SEQUENCE CHA^CT^RIS^ 

fA> LENGTH: 24 bases 

m^m^m^^m^m^^^ ) B \ TYPE: nucleic acid4^ - 

"■• • - *•• • ------ v (C) STRANDEDNESS : single ■> ■ < • ■ — ^^^v.>.- 

(D) TOPOLOGY: linear 



50 .^, 4- 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9 r _ ? t^^^^^^0^^^}^^^^^^, 

■ v . : AAGGTCTCCA CATACCTGAG GATC 24^ , ; ... ^ .;v..,^.r^y.- /V V ..-k.^ ■ 

' 55 ~ ' _ • . ' 

^^m^m>^' to % TNFORMATION FOR SEQ ID NO: 10: v. -v^ ■ : -:^.:^.f^^^ i7 ^^ 

(i) SEQUENCE CHARACTERISTICS: 
6 0 (A) LENGTH: 33 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

65 (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



65 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



10 



15 



■or- ■■ 



(xi) SEQUENCE DESCRIPTION: SEQ^ID NO: 

GGCAGCTGTG GCT^CTAGAG TOGCGGCQGQ, ^££<3GT 36 ^ ^ _ 

(2) INFORMATION FOR SEQ ID NO: 12: r . . > 

(i) SEQUENCE CHARACTERISTICS: ; 
20 (A> LENGTH: 36 bases , _ ..'^ . ■ f ^ : £_ ■ ,. r 

(B) TYPE: nucleic acid b-o ^>>f v v J ^ !V 

'(C) STRANDEDNESS : single . _" r '"j "^^Ju^:^/^-^"' . rn-. ' >■ 
(D) TOPOLOGY: linear ' ^'^^■Qr-^r' 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID, ^Orl^; ^ Knxr ^ a ' 

30 

(2) INFORMATION FOR SEQ ID NO: 13 5 ^ : : : . v ^.^ : ; " ^ 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 12 amino acids 
35 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

40 Gly Ser Cys Gly Phe Glu Ser Gly Gly Gly Ser Gly 
! 5 10 12 

--y (2) INFORMATION FOR SEQ ID NO: 14: , . 

«#**ai^ (B). type:: nucleic acid.-. . ^m^^Mhmm^^^^r: ^wmm^m^^^ 

- . (C) STRANDEDNESS: single . — - -,^..-v- - ■ : ,, ; 

(D) TOPOLOGY: linear 



50 



(xi) SEQUENCE DESCRIPTION: SEQ ID ^•^^^^^^^ %; 



' 55 



CGGACTGGGC AGATATTCAA GCAGACC 27 
(2) INFORMATION FOR SEQ ID NO: 15:. ^t^^mmsT*'" 



(i) SEQUENCE CHARACTERISTICS: 
60 (A) LENGTH: 38 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

65 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
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(2) INFORMATION FOR SEQ ID NO: 16: 

(1) SEQUENCE CHARACTERISTICS: * *".- 

(A) LENGTH: 30 bases ^ 

(B) TYPE: nucleic acid , , : ; r; £ : ;^ 

(C) STRANDEDNESS: single * ^ - - - 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRiPTIok: ^EQ ID NO: IBV" a 
CGCATCGTGC AGTGCAGATC 



3Qn 



(2) INFORMATION FOR SEQ ID NO: 17: 



(i) SEQUENCE CHARACTERISTICS *: 

(A) LENGTH: 66 bases , ^ - ^ ,^ f , 

(B) TYPE: nucleic acid ? , , ^ r~ - 

(C) STRANDEDNESS : single- e 'v--'- J. ; f~ : - 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ "ID* N0:17f- V — ' 



GTTACTC^ 



NNSATCGTGC AGTGCA 66 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 bases ^ 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
SSSi 45 ^i^^ffi : ScTGCACT GCACGATSNN CAGi^TGTS NNGACSNNGT CCATGTCCTT, 50^ 

CCTGAAGCAG TAGA 64 



m 



(2) INFORMATION FOR SEQ ID NO:19r^^ 

T (i) SEQUENCE CHARACTERISTICS:^ „ * : ^ ^ 

- (A) LENGTH: 25 bases T.r^;\::.:-y: • ' -: .■: 

55 (B) TYPE: nucleic acid 

(C\ STRANDEDNESS: single 
W^m:.^m^^m^^m^^^ jjjj- TOPOLOGY: linear -'''^^^ 



60 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
GCCTTTGACA GGTACCAGGA GTTTG 25 



65 



(2) INFORMATION FOR SEQ ID NO: 20: 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS j *single r r * ; 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: ^EQ ID NO: 20: 

CCAACTATAC CACTCTCGAG GTCTATT CG A TAA y 33 
(2) INFORMATION FOR SEQ ID NO: 21: 



(i) SEQUENCE CHARACTERISTICS: /'/ ^ 1 

(A) LENGTH: 66 bases 
15 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
/T\ (D) TOPOLOGY: linear 



20 



(xi) SEQUENCE DESCRIPTION: SEQ II) NO:21: : ^'-^-^ 

' " ? " TCGAGGCTCN WsGACAAcS^^ TTNNSCAGCT ^0 

25 GGCCTTTGAC ACGTAC 66 ? " ^ — ' ^ ■■■ ■ 

(2) INFORMATION FOR SEQ ID NO: 22: ^ v 

30 r-MV ( i): SEQUENCE , CHARACTERI STI CS : ..^ ^ •' ' 

(A) LENGTH: S3 bases " " ' ■ ^ ■■ 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

GTGTCAAAGG CCAGCTGSNN AAGACGSNNA GCACGCAGSN NCGCGTTGTC 50 
SNNGAGCC 58 



35 



40 




f ^.^W^^»S^8S(i)- SEQUENCE CHARACTERISTICS:- -v-^ 1 < .Ov.-: iv ^ i- 

. r (A) LENGTH: 65 bases . 

(B) TYPE: nucleic acid 
50 (C) STRANDEDNESS: single 

U^4&} : -^0B^[ {D> TOPOLOGYi linear ■ : ■■ ; ■ >: - ■ ; : \ ' ' 

r^rfr '\^;$^^^\x£) SEQUENCE DESCRIPTION:' SEQ ID NO:23: ■ ' ' V "'- \ .■ r^*" 

GTTACTCTAC TGCTTCNNSA AGGACATGNN SAAGGTCAGC NNSTACCTGC 50 
GCNNSGTGCA GTGCA 65 

60 

(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 
65 (A) LENGTH: 64 bases 

(B) TYPE: nucleic acid 
. (C) STRANDEDNESS: single 

ttfajaeap&s^^ (D) TOPOLOGY: linear. • 
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{xi) SEQUENCE DESCRIPTION: SEQ ID, mi^i^l^^ :^.^^/:^ J ; J 

GATCTGCACT GCACSNNGCG CAC^TASNNG CTGACCTTSN NCATGTCCTT 50 



SNNGAAGCAG TAGA 64 



10 (2) INFORMATION FOR SEQ ID NO: 25:, 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH t 2178 bases 

(B) TYPE: nucleic acid 
15 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) ' SEQUENCE ■ DESCRIPTIOIf:^-SEQ XD^NO^.25^ .. ..^ ^ _ 

TGCTACAAAC GCGTACGCTG ATATCCAGAT , GACCC^GTCC CCGAQCTCCC 100 
, TGTCCGCCTC TGTGGGCGAT AG^^C^^C^TGC^ .,150 
, GATGTGAATA CTGCTGTAGC CTGGT^^ 200 
GAAACTACTG ATTTACTCGG CATCCTTCCT CTXcTCTGGA GTCCCTTCTC 250 



GCTTCTCTGG ATCCAGATCT GGGACGGATT TCACTCTGAC CATCAGCAGT 300 
CTGCAGCCGG AAGACTTCGC AACTTATTAC TGTCAGCAAC ATTATACTAC 350 
TCCTCCCACG TTCGGACAGG GTACCAAGGT GGAGATCAAA CGAACTGTGG 400 




' 45lfe^^^fe^ CTGCAC<^<S^iCTTCM 

GGAACTGCCT CTGTTGTGTG CCTGCTGAAT AACTTCTATC CCAGAGAGGC 500 



Ifeff!^ CAAAGTACAG TGGAAGGTGG ATAACGCCCT CCAATCGGGT AACTCCCAGG 550 ; \:M<&&H '%J%> 

: ^ AGAGTGTCAC AGAGCAGGAC AGCAAGGACA GCACCTACAG CCTCAGCAGC 600 



. < , * .. .. ; . 55. , „ 

ACCCTGACGQ TGAGCAAAGC AGACTACGAG AAACACAAAG TCTACGCCTG 650 
CGAAGTCACC CATCAGGGCC TGAGCTCGCC CGTCACAAAG AGCTTCAACA 700 
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GGGGAGAGTG TTAAGCTGAT CCTCTACGCC GGACGCATCG TGGCCCTAGT 750 
ACGCAAGTTC ACGTAAAAAG GGTATCTAGA GGTTGAGGTG ATTTTATGAA 800 



69 

AAAGAATATC GCATTTCTTC TTGCATCTAT GTTCGTTTTT TCTATTGCTA 850 
! PAAAfiGCGTA^ CGCTGAGGTT CAGCTGGTGG AGTCTGGCGG TGGCCTGGTG 900 

CAGCCAGGGG GCTCACTCCG TTTGTCCTGT GCAGCTTCTG GCTTCAACAT 950 

TAAAGACACC TAyATACACT GGGTGCGTCA GGCCCCGGGT AAGGGCCTGG 1000 
AATGGGTTGC AAGGATTTAT CCTACGAATG GTTATACTAG ATATGCCGAT 1050 
AGCGTCAAGG GCCGTTTCAC TATAAGCGCA GACACATCCA AAAACACAGC 1100 v - 
CTACCTGCAG ATGAACAGCC TGCGTGCTGA" GGACACTGCC.'. G.TCTATTATT 1150 
GTTCTAGATG GGGAGGGGAC GGCTTCTATG-CTATGGACTA> GTGGGGTCAA 1200 
GGAACCCTGG TCACCGTCTC CTCGGCCTCC ACCAAGGGCC CATCGGTCTT 1250 : ■ 

CCCCGTGGCA CCCTCCTCCA AGAGCACCTC TGGGGGCACA GCCGCCCTGG 1300 : V 
GCTGCCTGGT CAAGGACTAC TTCCCCGAAC CGGTGACGGT GTCGTGGAAC 1350 K£ . 
TCAGGCGCCC TGACCAGCGG CGTGCACACC TTCCCGG CTG TCCTACAGTC 1400 
CTCAGGACTC TACTCCCTCA GCAGCGTGGT GACTGTGCCC TCTAGCAGCT 1450 
TGGGCACCCA GACCTACATC TGCAACGTGA ATCACAAGCC CAGCAACACC 1500 
AAGGTGGACA AGAAAGTTGA GCCCAAATCT TGTGACAAAA CTCACACAGG 1550 
i^^^%jccx T cGTT TGTGAATATC AAGGCCAATC GTCTGACCTG CCTCAACCTC l$Q0'$$$g8&&$igM$ 



CTGTCAATGC TGGCGGCGGC TCTGGTGGTG GTTCTGGTGG CGGCTCTGAG 1650 



f: GGTGGTGGCT CTGAGGGTGG CGGTTCTGAG GGTGGCGGCT CTGAGGGAGG 1700 ^^m^p^ : 

/ "^>^ .', ,/ . . ■ ■■. : ■ -v*** - 

CGGTTCCGGT GGTGGCTCTG GTTCCGGTGA TTTTGATTAT GAAAAGATGG 1750 , , J; « 

r caBcgctaa taagggggct atgaccgaaa atgccgatga aaacgcgcta 1800 «*»**e 

CAGTCTGACG CTAAAGGCAA ACTTGATTCT GTCGCTACTG ATTACGGTGC 1850 
TGCTATCGAT GGTTTCATTG GTGACGTTTC CGGCCTTGCT AATGGTAATG 1900 
GTGCTACTGG TGATTTTGCT GGCTCTAATT CCCAAATGGC TCAAGTCGGT 1950 
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GACGGTGATA ATTCACCTTT AATGAATAAT TTCCGTCAAT ' AT* TACCTTC 2000 



10 



CCTCCCTCAA TCGGTTG AAT GTCGCCCTTT TGTCTTTAGC GCTCdTAAAC 2050 
CATATGAATT TTCTATTGAT TGTGACAAAA TAAACTTATT CCG'fGiGTGTC 2100 
TTTGCGTTTC TTTTATATGT TGCCACCTTT ATCT^ 2150 



tgctaAca^a CTGCGTAATA AGGAGTCT 217 8 



15 



20 



(2) INFORMATION FOR SEQ ID NO: 26: 

: - ( i) SEQUENCE CHARACTERISTICS : • : 

(A) LENGTH: 237 amino acids 

(B) TYPE; amino acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
25 Met Lys Lys pAsn lie Ala "^ISu tla ket' PfieW^Phe 

' • ■ i,. .■ 5 io ... is 

Ser lie Ala Thr Asn Ala Tyr Ala Asp lie Gin Met Thr din Ser 
20 ' 25 30 

30 ; OSSfi" '.US? ■ ?. ■•*«S^»; W-P3fi - ^-.•'wu's-^s:'; ■*>*>'■''"- . ^.-s^Tr, - t -^-^'^."wi^} ■" ■ *•• 

: Pro ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr: lid Thr 

35 40 45 

Cvs Arg Ala Ser Gin Asp Val Asn Thr Ala Val Ala Trp Tyr Gin 
* 50 55 60 

Gin Lvs Pro Gly Lys Ala Pro Lys Leu Leu He Tyr Ser Ala Ser 
65 70 75 

Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Arg Ser 
80 85 90 



35 



40 



% " ' > G1 £ £ hr Asp phe Thr Le " f 1 ^^^^^'-. loo ' LeU Gln Pr ° 105 

^ . pu A Ala" Thr Tvr Tvr Cvs Gin Gin His Tyr Thr Thr Pro Pro Thr 

tmo^^m^ mmmml^M^?*^- .. Tyr £ £5 ^J^^Smmmmm^- ii 5 > . v , .. . . v : ■ v 120 




Phe Gly Gin Gly Thr Lys Val Glu He Lys Arg Thr Val Ala Ala 

125 135. 



50 



■^m&m ' p ro ser Val Phe He Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser 

.VV:;/:;^,,.,-..^. . 140 145 150 



55 



■■ ...» • > - <• ■ " 



60 



65 



, -.. _ . ... — ... . ....... 

Glv Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg 
1 155 160 165 

Glu Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly 
170 175 180 

Asn Ser Gin Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr 
185 190 195 

Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu 
200 205 210 



m ' - ; ■■■■^ His Lvs val Tyr Ala Cys Glu Val Thr His Gin Giy Leu Ser 
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S ®?U? E B Tnr r X.ys r ^er Phe Asn. Arg. Gly Glu cys 
( 2 ) ,INFOR^ATipN T .|»pR r SEQ ip NQ: 27 : / ; _ t 



10 



15 



20 



25 



30 



35 



40 



(1) SEQUENCE CHARACTERISTICS: 
, (A) LENGTH: 461 amino, acids 
: : ; (a) 3?iI>E: "amino 'ariidr-^' *- s ? ,c - 
(D) TOPOLOGY: liriear- 

(xi) SEQtMNC#li^^ ^ 




Me ^i»y8; Ly8i Asn ; Ile- Ala Phe Leu Leu Ala \Ser.Met Phe Val Phe 

Ser lie, Ala, Thr Asn, Ala, Tyr. Ala Glu Val Gin Leu Val Glu Ser 

«. 20 ' C ! ' :! " 25-" 30 v 

Gly plyi ; Gly,£eu ,Val, Gin, Pro ,Qly,,qiy Ser: Leu Arg.Leu Ser Cys 

' - 35. ■ ' -^40r- • - - 45^ 

.^fc^A^ 

Ar ?/ 5 ln ^ * ro G1 Y^ J-ys Gly Leu, piu, Trp Val ,Ala Arg lie Tyr 

■. ■ " 65" • ' ' y " Tcr - - ~**v ^ fs^ 

p n%#hr lie Ser ,Ala, Asp ,Thr ,Ser lys Asn^Thr Ala Tyr Leu Gin 

Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ser 
HO 115 120 

Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr Trp Gly Gin 
125 130 135 

Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser 
140 145 150 

Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr 

• .-■ ■ 155 .. . 160 . • , , 165 



— 50 



60 



65 







170 




175 










180 




Thr 


Val 


Ser Trp Asn Ser 
185 


Gly Ala Leu 


Thr 
190 


Ser 


Gly Val 


His 


Thr 
195 




Phe 


Pro 


Ala Val Leu Gin 
200 


Ser Ser Gly 


Leu 
205 


Tyr 


Ser 


Leu 


Ser 


Ser 
210 




Val 


Val 


Thr Val Pro Ser 
215 


Ser Ser Leu 


Gly 
220 


Thr 


Gin 


Thr 


Tyr 


lie 
225 




Cys 


Asn 


Val Asn His Lys 
230 


Pro Ser Asn 


Thr 
235 


Lys 


Val 


Asp Lys 


Lys 
240 


' ■ ' • / t 


Val 


Glu 


Pro Lys Ser Cys 
245 


Asp Lys Thr 


His 
250 


Thr 


Gly 


Pro 


Phe 


Val 
255 




Cys 


Glu 


Tyr Gin Gly Gin 
260 


Ser Ser Asp 


Leu 
265 


Pro 


Gin 


Pro 


Pro 


Val 
270 




Asn 


Ala 


Gly Gly Gly Ser Gly Gly Gly 
275 


Ser 
280 


Gly 


Gly 


Gly 


Ser 


Glu 
285 
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Gly Gly Oly 8^i^&**^ 



290 295 



Gly Gly Gly ser Gly Gly Gly Sen Gly ^itf^^- 

Glu Lys Met Ala Asn Ala Asn ty« Gly/ A^ M^;^% • JJJ 

-. ,320 . . ■. 

Asp Glu Asn Ala 1^^:^^^^^^%^^'^ 
335 

ValVaTh^^ 

350 355 JOW 

Vai Ser ^ly Leu Ala As* Gly ^01*^^ WW*** Ala ^ 



365 : 370 

Met Ai»-.*ri« v& n^T^^ a U-t^1^vi 

380 



G£y 'Se'if "Asn "Ser 'Glii Met£ Al* Gin Vatl' W^%^Bp -SeV 
• • 380 ; " 385 



'* Leu wet Asn 

395 

' vvu ■ . ■■ 445 *■ ■>■•■. ■ * DXJ 



35 



Thr Phe Ala Asn He Leu Arg Asn Lys Glu Ser 
455 460 461 
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What is claimed is: 



1. 



A method for selecting novel binding polypeptides comprising: 



■ 5 r. (a) ; :Cor^tnjctjng_ %. ^0^^^® ^.lo^x??" . •: 



phage co^ protein; 



■4b) £?■ ermutating^t^ 



10 



hm m^z^fi: ^G)#-^twsfe!p suitable twstcell? wtth 



20 



suitable for forming recombinant phagemid particles containing at least a portion of 
the plasmid and capable of transforming the host, the conditions adjusted so that no 
more than a minor amount of phagemid particles display more than one copy of the 
fusion protein on the surface of the particle; 



25 ( f ) contacting the phagemid particles with a target molecule so that at least a portion of the 

(g) separating trie phagemid particles that bind from those thatdo not 

30 2. The method of claim 1 further comprising infecting a suitable host cells with the phagemid particles that 
bind and repeating steps (d) through (g). ].:,:.::; 2']. 



3. 

35 4. 
5. 



The method of claim 2 wherein the steps are repeated one or more times.- 



The method of claim 1 wherein the expression vector further comprises a secretory signal sequence. 

The method of claim 1 wherein the transcription regulatory element is a promoter system selected 
from the group; lac Z, pho A, tryptophan, tac, XFL bacteriophage T7. and combinations 



thereof. 
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6. Themethod of cfaim 1 wherein the first gene encodes a mammalian protein. 



10 



15 



20 



The method of claim 6 wherein the protein is selected from the group; 

grwth terrr^e/fo^ human growth hormone. 

^ ^Hn; rela^A^C reta#ff^;pferelaxin. follicle stimulating hormone(FSH). 

factor, tumor necrosis factor-alpha and -beta, enkephafinase. human serum albumin, mullerian- 

protein, inhibin. .dWifWtf^^ thrombopoiehn. 
protein A' oir D, meuri^toid factors; N6F-fi. tpfafelet^rowth factor, transforming growth 
factor ; TGF-alpha and TGF-beta. insulin-Bee growth factor-l and -II. insulin-like growth 
facWblriffp^ 

factors (CSFs). M-CSF. GM-CSF, and 6-CSF, interieukins (JLs). IL-1. IL-2. IL-3. IL-4. 
^§P^oxi^^ proteins GP120 

and GP140. atrial natriuretic peptides A. B. or C. or immuno globulins, and fragments of the 
above-listed proteins. 



8. The method of claim 7 wherein the protein is a human protein. 



v 



25 9 ThemethodofdamawhereintheproteinMmprisesmorethan 

10:»a The method of claim 1 wherein the protein comprises a pluralist ria^condary stnictures '^f t %^ mm ^ m , 
(ac y scap aWeofinteracfing^ 



ammo; 



■ ■ ■ 11. 



The method of claim 10 wherein the 

group; aK3.6i 3 )helix, 810 helix, 7K4.4i 6 )helix, parallel and antl-paraBel p-pleated sheets, - ■; 

- reverse turns, and non-ordered structures. 



3 5 12. The method of claim 10 wherein the mutations are produced at more than one codon. 

13. The method of claim 12 wherein the mutations are produced on more than one rigid secondary structure. 
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^ 14. ; Tre method of claim 1 wherein the helper phage is sejecl.ed from the group M13K07, M13R408.M13- 
VCS.andPhiX174. 

15. The method of daim Hwherein the helper phage is M 13K07arKl the coat protein is the M13 phage gene 
rhim rJII coat protein. -.V . : . r ^ h ; ■. - ; .v. , . „ : , 



ia:,^i Tremetrxxlofdaim^15.^ ^ -i" " ^ 

j«W transcription regulatory 

^i-yjiftti: :^teroeiir-.t--t ^v* s^^&\-••M•V'••'. . • •. •• . - ■ 



■I0r 



18: 



,s$fW,s: ; 19 . ::, , phagemid particles displaying 

,?} gvA jt^i^asf ^ssis^ r-ows* ^iv^ss ipfcxjae*- ' '.■';•.«•' 

; 4;;^ ■ k ^ ttb method of claim; lifurther comprising in step (a), ins^ng.a DN A triplet, encoding anmRNA 



20 



second gene encoding at least a portion of a phage coat protein. 



22. The method of claim 21 wherein said mRNA suppressiWe terminator codon is selected from the 
following: UAG (amber), UAA (ocher) and UGA (opel). 

25 23. The method of daim 22 wherein said suppressWe mutation results in the detectable production of a 



, Si polypeptide is synthesized substantially without fusion to said phage coat protein. 



' *^ % ' 30 24. Ahwangr^ 

^ ^ ; ^ f ; 1 ; gr0U p sequentially selected from one ot the following: (1)R,S,F,R; (2)RAY.R; i^^y^^^m 

(4)R,S,Y,R; (5)KAY,R; (6)R t F,F,R; (7)K,Q,Y,R; (8) R.T.Y.H; (9)Q,R,Y,R; (10)K,K,Y,K; 



-vivx^-: ■v-v^^» ^i^m^^ (11)R f S,F t S; and {12)K ( S,N,R. -<y 



35 25. A phagemid comprising a replicable expression vector comprising a transcription regulatory element 
operaWy linked to a gene fusion encoding a fusion protein wherein the gene fusion comprises a 
first gene encoding a polypeptide, and a second gene encoding at least a portion of a phage 
coat protein, wherein a DNA triplet codon encoding an mRNA suppressiWe terminator codon 



selected from UAG, UAA and UGA is inserted between the fused ends of the first and second*^$^- 



WO 92/09690 J ' 



76 



junction. : ' x '" >: " 



^5 



26. The phagemid of daim 25 wherein said first gene encodes a mammalian protein. 

5 

27. Ttephagemfciofdaim26vvhW^ 

growth hormone (hGH), des-N-melhionyl human growth hormone, bovine grovyth l^rnlpne * 

relaxin B-chain, prorelaxin, follicle stimulating hormone (FSH). thyroid stimulating hormone 
10 (TSH). leutinizing hormone (LH), glycoprotein hormone receptors, calcitonin, glucagon, factor 

VHlfajvarM^ 

activator (t-PA), bombesin, factor IX, thrombin, hemopoietic growth factor, tumor necrosis 

mouse gona&trorin-as^a^ ^lactamase; tissue factor protein, inhibin, activin, 
15 vascular eridotrelial growth factor, integrin receptors,^ 

n^uma^afaclb^^ 

and TGF-beta. insulin-like growth-l and -II. insulin-like growth factor binding proteins, CD-4, 

.. GM-CSP, and G-CSF, 

20 interleukins (ILs), IL-1 , IL-2. IL-3, IL-4. superoxide dismutase; decay accelerating factor, viral 

antigen. HIV envelope proteins GP120 and GP140. atrial natriuretic peptides A. B or C 
immuno globulins, and fragments of the above-listed proteins. 

28. The phagemid of claim 27 wherein said protein is a human protein. 

30. " The phagemid of daim 25 wherein said protein comprises a pluraHty of n^rf secondary structures - 

displaying amino adds capable of interacting with the target , t _ , . 

3i; r The phagemid of daim 30 wherein said rigid secondary structures comprises structures selected iroin|||;,:^.: 
the group; a^3.6i3^^ 

j * "'i' ^'dfieels»'reverse turriis, and'npn^ordered structures.;"- " V 



35 32. The phagemid of daim 25 wherein the helper phage is selected from the group M13K07, M13R408, 
M13-VCS,andPhiX174. 

33. The phagemid of claim 32 wherein the helper phage is M13K07 and the coat protein is the M1 3 phage 

r -' l - ! "* * /• ■* " * nana 111 rftat mtfpin" "'• * -r^-^y "" > *•< vsv^h?...^.^... - ... ^.^^^%»^ 
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34. 

5 



The phagemld of claim 33 wherein ^^^E c»ff wild type or suppressor type. 

The phagemidof.dairn 34 wherpin the plasmid is under tight control of the transcription regulatory 

•element.... .-, ..... :j , r , 



36. 



10 v ><37: 



38. 



more than one copy of 



. The phag*mid^m.35^r^ , w>ajSB ; ^ 

the fusion protein on the surface of the particles is less than 1%. 

The pHagemid of claim ^#»reirj said numbe^p^g^d particles is less than about 10%. 

The phagemidof claim 37.w^in the^n^^ about 20%. 



39. -s**!™^^ 

40. Ahurnangrov* variant wherein ; hG^ 

167, 171, 175 and 179 respectively are as a group sequentially selected from one of the 

20 following: 

(1)N,S,T,T; (2)E.S.T,I; (3)K,S,T,L; (4)N,N,T,T; (5) R.D.I.I; and (6)N,S,T.Q. 



o 



41 . A method for selecting novel binding polypeptides comprising 

(a) constructing a replicable expression vector comprising a 
25 transcription regulatory elemert operably finked to DNA encoding a protein of 



30 



35 



intelegcontaWng^^ !^ 

the finite isfused to the DNAencoding at;ieas^rttonof a ^ e v ^|gS&«Bi- 



(b) , mutating the DNA encoding the protein of interest at one or more selected positions thereby 
forming a family of related vectors; 



.-■ J?* 



(c ) transforming suitable host cells with the vectors; 



( d ) infecting the transformed host cells with a helper phage having a gene encoding the phage 

coat protein; 

(e) culturing the transformed infected host cells under conditions suitable for forming 

recombinant phagemid particles containing at least a portion of the plasmid and 



capable of 



WO 92/09690 



78 



minor amount of phagemid particles display more than one copy of the fusion protein 
on the surface of tfie particle; i h : * >Z: 



10 



( f j " ' conta^ng tr« Wniid policies with Mlargef ^ule so^at teast a portion of the 
phagemid particles bind to the target molecule; and 

'(gf " 



42. The method of claim 41 wherein the i 

o- ; operably Hnted to the DNA encoding each subunit ;bf the protein of interest; 



43^* ' tSI^ a mammalian protein v 



15 



44. : The meiwd oldafm 43 wherein the | 



insulin, relai£llc^ 



20 45. 
46. 



IrapeWofthle %Dow«j } pwteinslsr 
The method of claim 44 wherein the protein of interest is a humanized antibody. 

The method of claim 45 wherein the protein of interest is a humanized Fab fragment capable of binding 
to the HER-2 receptor (human epidermal growth factor receptor-2). 



, 25 47 





' : ' 30-'" 48 



..-■.^^Jj/.;;...,,,^ . ; ... 



occurring hGH amino acids F10, MM. H18. H21 . R167. D171. T175 and 1179 are replaced i by^ 
another natural amino acid. 

The hGH variant of cfaim 47 wherein the eight natairally occurring hGH amino acids F10. MM, H18. H21.. 
R167, D171 , T175 and 1179 respectively are as a group replaced with a corresponding amino 
acid sequentially selected from one of the following groups: 



35 



4a 



(1) 
(3) 
(5) 
(7) 
(9) 























T; 


(2) 


H, 


G, 


N, 


N, 


E, 


S r 


T, 


I; 


T; 


(4) 


A, 


w. 


D, 


N, 


N, 


s. 


T, 


T; 


If 


(6) 


A, 


w. 


D, 


N, 


N, 


N, 


T, 


T; 


T; 


<8) 


F, 


s, 


F, 


L, 


E, 


s, 


T, 


"I; 


T. 


(10) 


H, 


G, 


N, 


N, 


N, 


s. 


T, 


N; 




(11) A, N, D r A r N, N r T, N; (12) F, S, F, G r H, S, T, X, 
(3) H ; Q ; T, S, A, D, N, S, (14) H, G, K, N N, A, T, *, 




hmWOmfe/ B S) PCT/US91/09133 

(21) A, N, A, S, N, S, T, T; (22) P, S, D, N, R, D, T, I; 

(23) H, G, N, N, N/ N, T, S; (24) F, S, T, G, R, D, T, I; 

(25) M, r ,T, S, N, Q, S, T, T; (26) F, S, F, L, T, S, T, S; 

" (i7y A; w;" D/^ S, ; .T, N; 

5 (29) M/ Q, M/, N f . N # , S, y,v (30) H, Y, D, H, R, D, T, T; 

(31) L, N, S, Hf T, I; (32) ii, N, S^'H, T> ^ Sy "T, T; 

(33) A, W, D, N, N, A, T, T; (34) F f S, T, G, R, D, T, I; 

(35) A, W, D, N, R, D, T, I; (36) I, Q, E, H, N, S, T, T; 

(37) F, S/ L/ A, N, S, T/ V; (38) >F,v S> FffvL, K, D, T, T; 

10 (39) M, A, D, N, N, S, T, T; (40) A, W, D, N, S, S, V, T; 

(41) H f Q, Y, S, R, D, T, I. 



15 



49. 

by argininets and lysinei 68 replaced by argininei68- 

50. The melted of claim 48 wherein said human growth hormone variant (40) further contains phenylalaninet76 

51. A method for selecting novel binding polypeptides comprising: 

20 (a) constructing a repH^ 

a transcription regulatory element operaHy linked to 

a gene fusion encoding a fusion protein wherein the gene fusion comprises 

a first gene encoding a polypeptide operable connedted to a linking amino 

acid sequence, and 

25 a second gene encoding at least a portion of a 

phage coat protein; 

© 

( b ) mutating the vector at one or more selected positions within the amino acid linking sequence of 
/-S. the first gene thereby forming a family of related plasmids; 

f^fe^ . . ( . # 



: f (d) infecting the transformed host cells with a helper phage 
' v ' : ^' r ' v *' having a gene encoding the phage coat protein; 



r;: ; ^ ;: :~ r : : r r - .- ..' ■ - ••••V--. - ■ •. ' ..■ ■ .' 

(e) culturing the transformed infected host cells under conditions 
% '^ r -f T ■ "^.T^S^f^;^.?^:' ^.V.*'" x suitable for forming recombinant phagemid particles containing at least a portion of 

the plasmid and capable of transforming the host, the conditions adjusted so that no 
more than a minor amount of phagemid particles display more than one copy of the 
40 fusion protein on the surface of the particle; 



( f ) contacting the phagemid particles with a target molecule so that at least a portion of the 
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(<,), J nnta^ng Abound phagemid partictes ith a pr^ bf hydrolysJng the linking a 
aminfo add sequence of at least apbri&n of the bound tfagniid pirtides. and ■ • ^ • 



52. 



(h) -5 isolating the hydrolyzed phagmid panicles. 
The method of claim 51 further ( 
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— lac:P; 




stll 



M13gene 111 (198-410) — 



Amp r 




322 ori 



f1 ori 



EcoiiyMIOt) 



M13K07 helper phage 




m^mmmmm^ Phagemid particles /; 



Binding enrichment 




Enriched pool 



FIG. I 
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1 
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Site-directed mutagenesis 
Phagemid propagation 



Bead binding selection 
Phagemid propagation 



Bead binding selection 
Phagemid propagation 




Bead binding selection 
Phagemid propagation 



Bead binding selection 
Phagemid propagation 



Bead binding selection 
Phagemid propagation 



Kpnl digestion 
Phagemid propagation W 



Kpnl digestion 
Phagemid propagation 



Bead binding selection 
Phagemid propagation 



Bead binding selection 
Phagemid propagation 



* ( ) 



C Library 4 \ A 



Be ad bind ing selection 
Phagemid propagation 



I 



1 v.^* i :& , a5jpA^'- 



4 clones sequenced 



^Library 4G 4 ^ 



f Library 3G 4 J 



Bead binding selection , 
Phagemid propagation 



^Library 3G 5 ^ 



i 



Kpnl digestion 
Phagemid propagation 



[' Library 5 J 
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Bead binding selection 
Phagemid propagation 
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T 



' ^^r^I^artlri g ". Life r ziy:\ 
; NNSco don s at hGH residues 
7 * 172, 174. 176. 178* 

, _3.9 x .10^ tr ; ansfo.rmants 



hGHbp 



(-hPRLbp. +hGHbp) 




hGH elution 



hGHbp 

?>; t . Glycine <elution 



Glycine elutiori 



MFWR 




■ ;i 




^KSYR ^ 




SHVR 




■ ' .. ' . 




I^RSpTR •« 




VGDR 




• • " * '"■ • 
.. ■ f ' 




{SliFH + . 




KPSO 






■ ■ ; 

' . ; W*. • If' 




1 ■ ■ I«i|^t 1 


NGTC 




' I:' 




JKtIgN 




^FCPV 


J 






WE J 





1 NF 



2 NF 



I 



hGH elution 



Glycine elution 



f^-^.^ ■■■■■ ■ 

hGH elution 



I: 



1 



RSYR "* 
RFFR # (2) 
KTYK * 
KSYT 
KRYR 
RTYH 
QWFR 
IAMR 

2 pS0643 



Glycine elution 

KAYR '(3) 
RSYR * 
RSFS * 
RGYR 
RSFR 
KQYR 
IKTYK 



5 pH0457 
4 pS0643 



■v 

Glycine elution 



Glycine elution 



RSFS * 

RAYR 

KKYK 

KSNR 

QRYR 

DAEL 



3 pS0643 
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Stiartiiig Library: | 
NNS Co donk at hGH residues 



: * £9 * 10 transfer m ants 



:K hGH elution 




hGHbp 



(-hGHbp. *hPRLbp) 



Glycine elution 





Y164H . 1 NF 



hGH elution 



J 



1 NF 



Glycine elution 

^■•■--■^•'^-^•■■^■jjjjH-eiytioa*"'" & Glycine elution 



PWAT 

AMFT? 
TDDS 
FSHS 
NDTA 
TNNS 
PIRS 



FLPW 

FYHS 

FLVA 

WPSP 

SWVA 

LLFG 

TSRK 

SLSP 



GlyMtt% elution ■ 



Glycine elution 
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